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Jt H£ prefent publication owes its origin to the 
" lUuftrations of the Huttonian Theory of the 
Earth,'^ by Profeflbr Play fair. In that work this 
theory is fo ably fupported, its principles are 
placed in fo advantageous a point of view, the 
arguments which appeiir to favoiir it are fo 
forcibly urged, and objedlions fo ingenioufly, 
and often fuccefsfully obviated, that it has given 
to the difcuflion of this fubjedl, an intereit aiid 
form in a great meafure new. To the Author 
of the prefent treatife, the Huttonian doftrines, 
l^^hatever may be their ingenuity and.oiovelty, 
appear vifionary and inconfiftent with the phe- 
nomena of Geology ; and to a defence of them 
fo able, and fo well calculated to convey a fa- 
vourable impreflion of the general fyftem, he 
has been induced by that intereft which every 
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one feels in the opinions he believes to be juft, 
to endeavour to reply. Although, oppofing the 
Huttonian Geologifts, he has been anxious to 
avoid thjat fpirit of hoftilitj which too fre- 
quently pervades cdntroverfial writings: he 
has wiflied to ftate the arguments on both fides 
without partiality, and to reft the defence of 
the theory he fupports on its intrin fie worths 

It will be admitted, that there are few que- 
ftions more, calculated to intereft the fpeculative 
inquirer, or more fafcinating, from the grandeur 
and novelty of the objeds it brings before the 
mind. Nor can it be faid to promife nothing 
but the gratification of a vain curiofity. The 
maxim is too well eftabliflied by the hiftory of 
fcience to require proof or illuftration, that the 
confequences which may refult from any phy- 

« « 

fical difcovery can never be foreseen, and that 
no inyeftigation can be deem^ unprofitable, 
which may add to our knoyAedge of nature. 
A perfeft Theory of the Earth, were it efta- 
blifhed, would undoubtedly admit q£ the moft 
important applications; and a fucceffion of 
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theoretical difcuffions may not lefs contribute to 
its attainment, than the accumulation of fadls« 
Syftems, fays a geological writer , are in the 
fciences what the pallions are in the human 
mind : they may be the fource of great errors, 
but they are the caufe alfo of great exertions. 
Either in defen4ing or oppofing them, it is necef-- 
fary to obferve with accuracy, to compare and 
generalife ; obje(5ts apparently minute, acquire 
an intereit and importance ; views are fuggeft- 
ed^which often lead to real acquifitions ; fads 
are arranged which would have remained ifo- 
lated; and relations traced which would not 
have been obferved. 



Eqim BURGH, Dcc(^mber 8. 1802. 
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INTRODUCTION 



1 HE objeAof G:fiotooY is to unfold the ftradture 
of the globe,— to difcover by what caufes its 
parts have been arranged,-— from what operations 
have originated the general ftratification of its 
materials, the inequalities with which its furface 
is diverfified,and the immenfe number of different 
fubftances of which it is compofed* 

Refearches of this kind have by fome been 
deemed ufelefs, from the fuppofition that their 
objects cannot be attained. We know not tha 
hiftory of the revolutions of the globe, but we 
find every where indications of their vaft mag- 
nitude and antiquity. We have the moil unex« 
ceptionable proof that its whole furface has beea 
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covered with the ocean, and that every part of 
it has fufTered change : mountains have been 
raifed, plains levelled, iflands feparated from con- 
tinents, and the waters coUeded fo as to leave an 
elevated land. We find it difficult even to con- 
ceive caufes adequate to the produdlion of fuch 
efieds ; and operations fo immenfe feem too re- 
mote, from any means of inveftigation we poffefs, 
to admit of being explained. 

The reply which may be given to obfervations 
of this kind is fatisfaftory. In any fubjed what- 
ever, where the media of proof by which a pro- 
pofition is t9 be eftabliflied, are imperfedlly 
known,and where the propofition itfelf is remote 
from the more familiar objeds of obfervation 
and refearch, to inveftigate it is always confider- 
ed as impracticable ; and the attempt is treated 
as vifionary, until it be crowned with fuccefs. 
He who knows not the fads of geology, and the 
evidence they afford, may be difpofed to deride 
its pretentions and diftruit its conclufions : but 
k more intimate acquaintance with the fubjeil, 
or even a moderate knowledge of the progrefs 
of fcience, will teach us to rejed fuch narrow 
views. Queftions apparently not more within 
the reach of in vefligation have been completely 
folved ; and man who has weighed the planetR, 
and meafured their diftances^ may preftime to 
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trace the operations by which the furfscc of the 
globe has been arranged. 

On making a nearer approach to what at a 
diftant riew appears fo difficult, we find that the 
path we have to purfue is even traced out ; that 
our inveftigations are direded by fads which 
derive not their fupport from theory, but are 
eftablifhecf by the cleareft evidence. It is prov- 
ed that the whole furface of the globe has at 
dne period been in a fluid ftate, and that from 
this has originated its prefent arrangement. It 
is certain that this fluidity muft have beien ef- 
fefted by the operation either of fire or of fome 
folvent. In our farther refearches, therefore, 
we are nearly limited to the inquiry, by which 
of thefe means this effed has been Induced ; and 
from the fads which apparently are within the 
reach of difcovcry, we need not defpair of folv- 
ing the problem. The eflfeds of fufion, and 6f 
folution, are in general fo very diffimilar, or 
at lead th^ peculiarities of their adion are fo 
well marked, that from an attentive examina- 
tion of the properties of minerals, and of the 
ftrudure and pofition of the great maflcs of the 
globe, we may hope to difcover to which of thefe 
they owe their origin and arrangement ; and if 
this difcovery be eftabliflied, the labours of 
geologifts will be confined to tracing the opera* 

B 2 
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tion of this agent in producing the phenomena 
obferved. Their explanations may at firft h6 
imperfe(9,and their indin^ns require to be often 
corredled; but ftiU fuch inveftigations mull con* 
tribute to the real f^rogrefs of the fcience, and 
may at length eftablilh a perfedl theory. 

The fadl which has been ftated as the bafis of 
all geological inquiries,-*^that the furface of the 
globe has been in a fluid ftate, is eftablifhed by 
yery ample evidence. In the greater number 
of the ftrata of the earth, in the moft elevated^ 
as well as in thofe at the greateft depths^ fub- 
fiances are found in a ciyftallized ftate; and eyen 
many of thefe ftrata have marks of cryftallization 
in their entire ftrudure. Ciyftallization is the 
arrangement of the particles of a body in a re« 
gular determinate form ; and it neceflarily im* 
plies a previous ftate of fluidity which would aU 
low thefe particles to arrange themfelves in po* 
£tions neceflary to produce thefe forms. Many 
of the moft folid ftrata contain in their fubftance 
re^iains or impreflions of ainimals and vegetables; 
and it is obvious, that to admit of the introduc- 
tion of fuch fubftances, they rauft at one time 
have been, if not in a perfedlly fluid, at leaft 
in a foft or yielding ftate. Laftly, the ge« 
neral difpofition of the materials of the globe, 
fo far as has been explored, muft have arifen 
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from fluidity, as this only could have arranged 
them in beds or (Irata parallel to each other, 
and preferving that parallelifm to a great extent. 
Thefe appearances are not partial : they extend 
to the whole furface of the earth, and indubi* 
tably prove its former fluidity. 

It is obvious that fluidity can be fuppofed to 
be produced only in two modes. Either the 
folid matter mud have been fufed by the adion 
of heat, or it mud have been difiblved in fome 
fluid. Thefe are accordingly the primary pro- 
pofitions of the different geological theories that 
haVe been advanced. Some have fuppofed the 
furface of the globe to have been foftened or 
melted by the operation of Are ; others have 
afcribed the fluidity it muft once have had, to 
folution ; and as there is no fluid in fufScient 
abundance to have aded the part of a folvent 
of a quantity of matter fo large, except water, 
aqueous folution has been adopted as the caufe of 
the original fluidity of minerals, in oppofition 
to igneous fujum. 

Thefe oppofite fyfl:ems have been diflinguiihed 
by the fanciful appellations of the Plutonic and 
the Neptunian. It would be a fuperfluous tafk 
to examine the difllerent modifications of them 
that have been propofed. Of thofe which 
afcribe the formation of ^lineraIs to fufion, it 
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will i^robably be admitted that that advanced by 
Br. Hutton is fuperior to any in the escteiH and 
connedion of its principles, and in the adapta*- 
tion of them to the explanation of the pheno- 
mena. It will therefore be fufficient to com- 
pare the Huttonian theory with the modern 
Neptunian fyftem. 
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PART I. 



Statement af tbe Huttonian and Neptunian 

Theories. 

L HE fyftem which Dr. Hutton has traced of 
the formation of the drata of the globe, is cal- 
culated to captivate the imagination by its 
grandeur, and by the appearances Avhich it ex- 
hibits of regularity and defign. It prefents a 
feries of changes, each following from, or con- 
ceded with the other, and fo nicely adapted, 
as to be apparently capable of being carried on 
for an unlimited time. It is claimed as its pe- 
culiar excellence, " That it afcribes to the phe- 
** nomena of geology an order limilar to that 
" which exifts in the provinces of nature with 
** which we are bed acquainted ; that it pro- 
'* duces fe^s and continents, not by accident^ 
** but by the operation of regular and uniform 
** caufcs J that it makes the decay of one part 

'^ fubfervxent to the refloration of another ; and 
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*• gives ftability to the whole, not by perpetuat- 
•• ing individuals, but by reproducing them in 
*t fucceffion*.'* 

Dr. Hutton conceives that in this globe there 
is a fy ftem of decay and renovation, and that the 
procefles by which thefe are efFefted have an u- 
niform relation to each other. The folid matter 
of the earth is of fuch a nature that it mufl be 
wafted by the powers which continually operate 
upon it. The hardeft rocks arc worn down by 
air aixd water: caufes which, however flowly 
they may operate, are conftant in their adion, 
and which therefore, in indefinite time, muft be 
equal to the produdlion of the greateft eflfeft. 
From the figure of the furface of the earth, the 
decayed materials muft be carried towards the 
ocean, and ultimately depofited in its bed. 
Though this tranfportation may be impeded by 
local caufes, or paay in general bq e?:tremely 
flow, yet from the declivity of the land^ it muft 
neceflarily take place, and may therefore b^ adi-^ 
mitted as an uniformly operating caufe. 

It is farther aftum^d, that at great depths in 
the mineral regions an immepfe heat is conftantly 
prefent, and that this heat operates in the fufion 
and confolidation of the fubftances depQfited in 
thefe regions. It is to the adiop of this fubterii. 
raneous fire th^t the formation of all our ftrata 

^ Illuftra$ioD8 of tl^e Huttooian Theoiy, p. I2p. 
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is attributed. They confift of the wrecks of a 
former world, which have been more or lefs per- 
fedUy fufed by this agent, and by fubfequent 
cooling have been confolidated. 

Th^ fubterraneous fire to which Dr. Hutton 
afcribes thofe effedis, he conceives to operate at 
the fame time under a particular modifying cir* 
cumflance, which gives a peculiar charader to 
his fyftem, and frees it from many objedions 
\^hich were unanfwerable in former hypothefes 
of a fimilar kind. This circumftance is com* 
preffion. The fubterraneous fire being placed 
at immenfe depths, the fubfVances on which it 
operates muft be under a vaft preflure. This 
will prevent their volatilization in whole or in 
part ; and from this circumftance it is poffible 
to explain appearances in minerals, and qua-* 
iities they poflcfs, which would otherwife appear 
inconfiftent with the fuppofition of their being 
formed by fire. 

The laft part of the Huttonian doftrine is 
that which regards the elevation of the ftrata 
which- have been thus formed ; and this likewife 
18 fuppofed to be the efied of fubterraneous heat. 
Its expanfive power muft occafionally be exerted 
with very great force ; and it is inferred that 
this muft have been the caufe which elevated 
thefe ftrata, becaufe no other can be affigned 
adequate to the produdion of this efifed* 
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Such is the general outline of the Huttonian 
Theory. Jt is not an attempt to explain the 
firft formation of the glohe, nor does it proceed 
on the fuppofition, that its prefent is its origina} 
fiate. It re{l$ on the principle, that, according 
to eflablifhed laws, or from nec^ilary changes, 
operations are conftantly carrying on, by which 
the portion of folid ipatter elevated at the fur* 
face is worn down, and by which the decay is 
rendered fubfervient to the formation of new 
ilrata, which will be elevated in their turn. 
Our world is formed from the decay of one 
mrhich preceded it, apd is. now fumifhing the 
inaterials from which another is to be raifed ; 
and this great natural operation is without limi- 
tation as to time. On the one hand, we find in 
the iyftem itfelf no veftige of a beginning i on 
the other, no profped of an end. 

From this theory are explained the appearan- 
ces which our ftrata prefent, in their ftrudure and 
their pofition. With refpedl to ftrudure, we find 
confiderable variety ; fome, as granite, are com« 
pofed chiefly of fubftances ia a cry ftallized ilate, 
and thefe are fuppofed to have been completely 
fufed ; others, as fandftone or chalk, are hete« 
Togeneous in their texture, or imperfedly con» 
folidated; and thefe are fuppofed to have bieen 
only in a foftened date ; and between thefe ex« 
ill many intfjrmediatc degrees. With refpedl to 
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pofidcm, fome are horizontal, fome inclined, and 
others vertical, irregular, or abrupt ; and fuch 
appearances mud have arifen from the operation 
of that power by which they were raifcd. In 
their firft formation at the bottom of the ocean, 
their arrangement muft have beeii horizontal ; 
but in their elevation, by an expanfive power 
adting from beneath, their continuity mud have 
been broken, and every variety of pofition pro- 
duced. 



Lefs magnificent in its . pretenfions than the 
fyftem, the outlines of which we have now tra- 
ced, is the Nkptunian Thbory, or that which 
fuppofes the ftrata of the earth to have had ah 
aqueous origin. From the appearances which 
foffils prefent, it is inferred that they cannot 
have been formed by fufion ; and as folution is 
the only other mode in which we can conceive 
foftnef» or fiui4ity to have been effefted, it ii 
fi^ppofed to have been the agent by which the 
matter at the furface of the globe was confoli* 
dated. With this fimple conclufion, it might 
be prefefiable, in the prefent date of geological 
knowledge, to reft fatisfied, fince it is proceed- 
ing perhaps as far as obfervation can guide us. 
To go farther is to wander in the regions of hy- 
ipothefis and fancy; and though the opinion thus 
deduced might not have the impofing exterior 
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of a complete fyftem, it would be more hkely 
to pofTefs the liability of truth. 

Such ftridl and cautious induction, hawerer, 
is not calculated to fatisfy the inquiries of the 
theorifl. It is perhaps neceflary to complete 
the fyftem ; not merely to reft fatisfied with the 
proof that minerals have been formed by folu- 
tion, but to attempt to fhow how this folution, 
stud the fubfequent confolidation from it, have 
been effedled. At leaft, in the prefent difcuf^ 
iion, this is doing juftice to the Huttonian The« 
cry, as placing both on equal ground. 

It may be obferved, however, in proceeding to 
the ftatement of that modification of the Neptu- 
nian fyftem which is generally received, that its 
author, Werner, has not indulged in hypathefis, 
but has approached as nearly to an indudion of 
fads as the fubje6t admits. From the pofitions 
and connedions of the ftrata, he finds reafon to 
conclude that they have been formed by water, 
j^rom- their relative fituations it is evident that 
fome h^ve been formed prior to others, and this 
priority of formation he endeavours to trace and 
generalife. And, laftly, from their flrudlure it 
is apparent that fome have been chemical, Oh- 
tbers mechanical depqfit^, diftindtions which of 
courfe ought to enter into the fyftem. 

The firft principle, then, of the Wernerian 
theory is, that the m^t^rials of whigh oyr ftrata 



t 13 ] 

feotifift wire at one period diflblved or tafpeni* 
ed in water, and that from this fluid they ha4 
fucceffively confolidated in various combina- 
lions, partly by cryftallizatioh, and partly by 
mechanical depofition. Granite being the rock 
which compofes the moft elevated part of the 
globe, and which likewife forms the bafis oa 
Which the greater number of the ftrata reft, is 
fuppofed to have been firft formed, the diflerent 
parts of which it.confiftg, felfpar, quartz, and 
toioa, having concreted by a cryftallization'rtear- 
ly fimultaneous. This was accompanied and 
foUowed by the fimUar confolidation of the o- 
ther primitive ftrata, gneizs, micaceous fhiftus" 
argillaceous fhiftus, porphyry, quartz, &c. 

. Thefe rocks compofe the chief elevations of 
the globe. They are never found to contain 
any organic remains, and of courfe their forma- 
tion muft have been prior to the exiftence of the 
vegetable and animal kingdoms. 

From the period of the formation of thofe 
ftrata, it is fuppofed that the water covering the 
furface began to diminifti in height, by retiring 
graduaUy into cavities in the internal parts of 
the earth. During this period, other precipita- 
tions, chiefly chemical, but in a few cafes part- 
ly mechanical, continued to take place. Thefe 
formed what Werner terms the intermediate 
ftrata, or ftrata of tranfition, of which fome va. 
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rieties of limeftone, fhiftus, and trapv Are the 
principal. They arc incumbent on the pri- 
inary, and fometimes, though rarely, contain 
petrifadions ; a proof, however, that organi%a« 
tion, or at lead the exiftence of marine animaU^ 
had commenced with their formation. ^ 

The diminution of the water ftill contmued 
to proceed, and by the mechanical a<H:ion of its 
mafs on the ftrata fornied, it occafioned in thcfttt 
a partial difintegration. The materials from 
this fource, together with the remaining part of 
the matter originally diflblved, by their precipi- 
tation and confolidation formed what are nam-' 
ed the fecondary ftrata, or the ftratified rocks^ 
fandftone, limeftone, gypfum, pudding-ftone^ 
fome varieties of trap, and varipus others. Thefe 
are of a height much inferior to the former. 
From the predominance of mechanical depofi* 
tion, they are arranged generally in horizontal 
beds, and they are abundant in organic re- 
mains ; a proof of their formation being pofte-* 
rior to the full developement of the animal and 
vegetable kingdoms. 

Of thefe different formations the whole fur- 
face of the globe is formed, at leaft with the 

trivial additions of the produds of volcanic fire, 

■ 

and the alluvial beds of fand, clay, and foil, a- 
rifing from the wafte of the ftrata by the waters 
which run over them. 
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During the confolidation of thefe (Irata, reiits 
happened in them, by which cavities of very 
various dimenfions were formed. Into thefe 
the water, holding various matters in folution, 
gained accels, and hence the formation of mine- 
ral veins. 



Such are the fyftems which we have to com« 
pare. In the examination of them, we may 
coniider them under the following divifions : 
Firft, we may inveftigate the probability of 
• their principles, and the obje<9ions to which 
thefe, a priori, are liable: And, fecondly, we 
may inquire bow far they derive fupport from 
the ftrudiure and arrangement of the furface of 
the globe, and from the appearances which rxdm 
nerals adually exhibit. 
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PART II. 



Of the probabituy qf the Firji Principles of t^ 
Hutionian and Neptuman "Theories. 

X HE firll of the Series of fuppofitions which 
compofe the Huttonian theory is, that the\ftrata 
which form the furface of the globe, are, from 
the nature of their conftitution, and the conftant 
operation of the agents to which they are ex- 
pofed, liable to decay ; that by being worn down 
and trahfpo^rted to the fea, they furniih mate-* 
rials for new llrata to be formed and afterwards 
elevated ; and that itottx the decay of a former 
world our ftrata have originated. 

To part of thefe fuppofitions fewer valid ob* 
jedions perhaps can be made than to any of the 
other principles of the Huttonian fyftem. It 
feems to be a necelTary effedl arifing from the 
nature of the folid materials at the fur&ce of 
the globe, .that they muft be wafted by the 
powers which a£t upon them ; and many fads 
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iurt hcefi ftated, vfbich eftablifh fuch si difiate- 
gration. The imtsmnft beds of fand and gravel 
wluch are found even in elevated fituations, af- 
YoEd in particular a clear proof of this kind, finc6 
fuch fiibftaiaces muft evidently have been form- 
ed from the wafte of folid rocks, and the attritiod 
of their fragments. 

Fa&s have, however, likewtfe been ftated ul 
oppofition to this principle. Rocks of bafaltes, 
and of many kinds of granite, it is obferved, fuf- 
fer fearcely any decay, as is evident from the 
iharpoefs of their angles. And from the tefti^ 
floony of biixxy, we have it in our power Co af« 
iccfftain, that in many places rocks of this kind 
occupy the fame fituation which they did twa 
thflisfaQd years back. Thefe, and iimilar fads^ 
however, are to be regarded as exceptions to the 
general law ; or rather, they ferve to prove, that 
in fuch r^ocks the dffiategration is extremely 
flow. It ieems fcafrcely poffible to deny but 
that it muft t^e place to a certain extent ; ' and 
as the operations fuppofed in the Huttonian fyf« 
tem sjst unlimited as to time, it would be in vain 
io cpnteft the principle afiua^. 

It has alfo been queftioned, whether the ma- 
terials worn down, and conveyed by the rivers, 
ase carried into the depths of the fea. It has 
been alleged, that the greater part of the. matter 
tbu0 cQBveyied is thrown by the retiirning tide 
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upoh the ffaor^, and adds to the extent of tHe 
land. In many cafes, from local fituation, this 
is undoubtedly true ; but Profeffor Playfair has 
perhaps fuccefsfuUy fhown that thefe are exce(>- 

• tioni^ and that from the declivity of the fhore, 

' the folid matter brought by the rivers muft in 
general be carried forward, and fpread over the 
bottom of the ocean. Were this not the cafe, 

. indeed, the increafe of the land, from the accu- 
mulation of materials on the ihore, might be 

: expected to be more rapid than it adually is* 
Yet though this much be admitted, it is far 

-from eftabliihing the conclufions which Dr.^ 
Hutton has deduced, that this difintegration is 

\ part of a feries of changes going on in conftant 

. fucceffion, or that it makes part of a fyftem in 
which a habitable world is always preparing 
from one exifting, the place of which it is to 
fupply. If the difintegration be fo flow as is 
admitted ; if, as Dr. Hutton himfelf obferves, 
the defcription which Polybius has given of the 
Pontus Euxinus^ with the two oppofite Bof- 
phori, the Mseotis, the Propontis, and the port 
of Byzantium, are as applicable to the prefent 
ftate of things as they were at the writing of that 

. hiftory ; if the ifthmus of Corinth is apparently 
the fame at prefent as it had been two or three 
thoufand years ago ; if Scylla and Chary bdis re- 
main liow as they had been in ancient times. 
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Tocks hazardous for coafting veflels ; if the port 
of Syracufe, with the ifland which forms the 
greater and lefier, and the fountain of Arethilfa, 
the water of which the ancients divided firom 
the fea with a wall, do not feem to be altered ; 
and if on the coait of Egypt we find the rock ' 

! on which was formerly built the' famous tower 
of Pharos ; and at the eaftern extremity of the 

. port Eunofte, the fea- bath, cut in the folid rocl^ 
on the ihore, to all appearance the fame at this 
day as they were in ancient times ;*-*if fuch be 
the extreme flownefs of the difintegration, the 
refledion is obvious, that, admitting it, a dura- 
tion will be allowed to the world infinitely be- 
yond our conception, and adequate to any pur- 

. pofe which we can conceive it defigned to ferve ; 

. and there is at leaft no neceffity pointed put for 
fuppofing an arrangement by which it is to be 
perpetuated or rdftored. 

Neither are the fa£ls conclufive which are 
itated by Dr. Hutton and Mr. Flayfair, to prove 
that all our ftrata have originated from the wafte 
of a former world, for they are equally well ac-* 
counted for by the Wernerian fyftem. It is ftat- 
ed, that many rocks are found which contain 
fragments of others, or which are conneded 
with coUedlions of gravel, loofe or confolidated. 
Such fragments and gravel neceflarily fuppofe 
the exiftence of former ftrata, from the wafte of 
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which they haii originated. It h alfd Obfervefl, 
that in many of the moft extenfive ftrata of the 
earth, remains or impreffions of organic fiHb- ' 
ftancts are founds both animal and vegetable, 
and of courfe thefe muft have e&ifted priot to 
the formation of fuch flrata, 

Thefe fads art confidered by tkt HuttOniati 
geologift as fufficient proof of the exift^nte of a 
habitable world, from the decay of which ows 
has been formed. They arc however t^ually 
well accounted for by therNeptunift, without 
admitting fuch a fuppofitiofi* It k fuppbi^d that 
the exiftence of marine animals MmnvMced »f- 

ter the cryftallixation of the great primaiy fltft* 

* 

ta ; and that after that period too the waters of 
the ocean began to dimrnifh in height, fo as to 
leave elevated land, on which vegetation com- 
menced. The retreat of the ocean continued 
to be gfadu&l for many ages, and during this 
time the fecondary ft rata were formed. It is 
obvious, therefore, that the fragments of rock, 
the fand and gravel which thefe often contaifi, 
or with which they are aflbciated, or which even 
in many cafes compofe the greateft part of 
their mafs, might originate from the difintegra- 
tion of the primary ftrata above the level of the 
fea ; a difintegration to which, in this early pe« 
riod of their confolidation, they might even be 
more liable than they now are. And the origin 
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of the is^tqwQs of marine aniniftli, ^nd even of 
yt^etahles, fouad in the fecpndary rocks, it is 
oibviQW are equally well accounted for on tbia 
theory^ fince the exigence of tbefe may have 
b«guo previous to the formatioQ of thefe ftrata. 
The fads, therefore, do not prove the hypotbc-.. 
iis of Dr. Hutton, fince on a different bypothefis 
they are ei^plained with equal facility. 

It has been affirmed, however, that the fame 
ap|iearance$ of fand and gravel, and of marine 
impreffioni, are occaiionally to be met with in 
the primitive llrata, and that of courfe the Wer^ 
neiian e;(planation is defective ; for marine ani« 
loals are not fuppofed to have exifted at their 
formation ; and it is obvious that the prefence 
of fand and gravel are true indications of ftrata 

having e}^fled before them* 
But it is afferted, pn the other hagd, by Nep.. 
. tunian geologifts, that fuch appearances are not 
to be met with in ftrata truly primitive, but that 
when they do occur in ftrata not of the fecond- 
ary clafs, it is in thofe of the intermediate kind, 
or what Werner terms the rocks of tranfition. 
Thefe, it will be recolleded^are fuppofed to be pof-« 
terior in their formation to the primary, but prbr 
to the (econdary ftrata, and to have been formed 
at that period when the exiftence of marine aoi^ 
mals, or at leaft of fome fpecies of them, had com- 
mapped ; and of courfe they may occaiionaliy 
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be found with impreffions or remains of thefe 
beings. This fuppofition is liable to no diffi- 
culties, and feems to follow juftly from the fads. 
Since certain rocks, having peculiar charadlers, 
and compofing the mod elevated parts of the 
globe, are found deftitute of organic remains, 
while in others they are abundant, does not this 
afford a prefumption, that the former had been 
produced prior to the period when thefe beings 
began to exift ? And if rocks are found inter- 
mediate in their charafters between thefe, con- 
nedted principally with the primary, but in ge- 
neral lefs elevated, and fometimes, though rare- 
ly, containing yeiliges of fea animals, is it npt 
reafonable to believe that thefe have been inter- 
mediate-in their formation, and that at leaft the 
few fpecies of thofe animals, whofe remains are 
found in them, had begun to exift at the time 
they were formed ? 

It will be found that fuch a fuppofition ac- 
cords much better with thefe phenomena, and 
affords a more fktisfadory folution of them than 
the hypothefis by which they are explained in 
the Huttonian fyftem. According to that fyf- 
tem, all the ftrata, both thofe termed primitive 
as well as thofe named fecondary, have been 
formed from materials depofited at the bottom 
of the ocean from the wrecks of a former world. 
They ought therefore all equally to contain or* 
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ganic remains and imprefiions ; and it remains 
to be accounted for why thefe fhould be entirely 
wanting in many of the ftrata, as in gneifs, or 
micaceous fhiftus, while they are prefent in 
others. There is only one fuppolition by which 
this can be attempted. It is, that the former 
ftrata have been in more complete fuiion than 
the latter, and that thus by the more intenfe 
heat, thefe remains, or the impreffions of them, 
have been deftroyed. But the explanation is 
contradided by the appearances of thefe (Irata, 
the piarks of fuiion being frequently as com- 
plete in thefe which contain fuch remains, as in 
thofe which do not. Thus there are many lime- 
ftones and marbles containing flielh, in which 
the fparry ftrudlure is as perfeft as it is in the pri-i 
mary limeftone, and in which are leven diftributed 
veins of cryftallized carbonate of lime ; and in 
the tranfitive limeftone, the parts which contain 
no marine impreffions have no marks of more 
perfect fufion than thefe parts in which they are 
prefent, nor indeed is there any difference be- 
tween them. In like manner, the primitive 
fhiftus, which ha$ i>o marks of foreign bodies, 
has no appearances of more complete fuiion 
than the fecondary fhiftus, in which^vegetable 
impreffions are abundant. The fupppfition, 
therefore, of the Huttonian geologift to account 
for the abfence of organic remains from thefe 

C4 



[ ?4 ] 



ftrata,]S QOl merely ifypptheticsl^but ihcoitfifient 
with the phenomena, while that of the Neptanift 
is fo probable, that it feems to follow ?lb a coral«* 
lary from the fadte. 

The Huttonian explanation docs not dcrite 
more fupport from the other general fa<^ that 
has been ftated in proof of the produdton of ail 
our ftrata from the wrecks of a former world, 
r— the affociation of breccias^ of fand or gravel 
with tb0 primary rocks. Several inftantes of 
this'kind, ftated by Profeffor Playfoir are ex- 
tremely doubtful. But granting that there are 
foch appearances which cannot be difputed, 
they are eaiily explained. It is obvious that ofi 
the gradual retreat of the fea, which happened 
after the formation of the primary rodcsi tiiQ 
moft elevated would firft be hh bare; and wbea^ 
«ver this happened, the mafs of water would bt« 
gin to ad upon thb dry land, and pccafion m 
it difintegratiod. It is even reafon&bie to be^ 
lieve, though it is not necefiary to make the (txp^ 
pofition, that this difintegration would procee4 
more rapidly immediately afttr their confolidi-^ 
tion than when they had b6efi more fully h^t-^ 
dened by time. Whisther this were the cafe or 
not, fragments of the elevated T&tto muft have 
been worn down into faiftd, gravel, &»c. and by 
the diredioti of eutrents, banks of thefe nugbt 
bt depofited ati|o|ig the exi^ifig oif f&tmk^ 
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ftattiif ind ttigfat either, according to cijrcttm. 
ftsiicet, be left in a loofe fiate, or be confoli- 
dated \)f the depofition of the matter ftiil dif« 
fohred or fufpended in the fluid. There is no 
difficfilty therefore attending the fad, that fuch 
ccUedltons are found in the trahfitive, or eTen in 
the truly primitive ftrata, nor does it eftablilh 
the conclafion that fuch ftrata had originated 
£rom the w^fte of older continents. 

There is eyen a particular plienomenon m 
this part of geology, very general in its occur* 
le&cey which admits of a natural and (atisfaic- 
tory explanation from the Neptonian theory, 
While it requires the mod extravagant £bppofi« 
tion when confidered according to the principles 
of the Huttonian fyftem. The appearance is 
that of a bed of breccia incumbent on the pri« 
mary.ftrata, and covered by one or other <^ the 
lecondary ftrata* Cher the vertical ftrata, for 
sample, of the primary fliiftus, there is fre* 
qnently a bed of breccia, compofed of fragments 
of rocks confolidated by fome cement ; and over 
this bed is a ftratum of fandftone or limeftone. 
According to the Neptunian theory, the expla- 
nation of this is very eafy. Of thefe the ihiftus, 
fiom its pofition, it is evident muft have been 
firft formed : other primary rocks, however, had 
been formed at a ftiil earlier period, and in po« 
^tions more elevated. As the fea retreated 
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thefe would be left bare, and by their difinte^^ 
gration would afford the fragments which, do- 
poiited on the lower fhiflus, formed the breccia; 
and this again, before the retreat of the fea was 
completed, fo as to leave it expofed, might bo 
covered by a depoiit of fandftone or limeflone* 
The explanation, according to the Huttoniaii 
hypotheiis, involves a fuppofition fo extraordi- 
nary as to fumifh a lingular contrail with that 
of the Neptunian. It is fuppofed * that the 
ihiftus had been formed in beds nearly horizon-^ 
tal, and that by an expanfive power exerted 
from beneath, thefe had been elevated to the 
furface, and placed in a vertical poiition. In 
this fituation, the bed of gravel from which the 
breccia is formed, had been depofited an the 
fummit of the vertical ihiftus. To admit of the 
formation of the horizonal ilrata of fandftone, 
it is further fuppofed, that the (hiftus,. with this 
fuperincumbent breccia, had again funk in the 
ocean, and remained deprefied for ages, till the 
materials of the fandftone were depofited on it. 
Thefe materials are fuppofed to have been then 
confolidated by the central fire operating .on 
thcim, even with the intervention of the deep ftra- 
ta of fhiftus on which they are incuoibent ; and 
laftly, we are told that the whole, when thus pre- 
pared, were again elevated by anew exertion of 

• lUuftrationSy &e. p. s% 
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heat. It may furely be affirmed, without farther 
reafoning, that fuppofitions fo extravagant and 
improbable can never be real interpretations of 
the operations of nature. 

We may on the whole conclude, that though 
the exiftence of organic impreffions and remains 
may prove that the flrata containing them have 
been formed pofterior to the exiftence of the ve- 
getable and animal kingdoms ; and though the 
prefence of breccia, fand and gravel in the ftrata 
may likewife prove that other ftrata had exifted, 
from the wafte of which they had been produ* 
eed, yet neither of thefe fads eftablilhes the 
conclufion, that our ftrata have originated from 
the decay of a former world ; and the explana* 
tions of the Huttonian fyftem on this fubje(3; are 
even lefs probable and fatisfadory than thofe 
given by the Neptunian theory. The gencjral 
propofition may therefore be admitted, that the 
ftrata of the earth are liable to wafte, and that 
the materials are carried forward to the Tea, 
without proving from any appearances that this 
makes part of a feries of changes, or is a ftep in 
the fucceffion of worlds, or tl>at on this planet 
a habitable world has exifted prior to the pre* 
fent, and from the wafte of which this has ori^ 
ginated. 
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The fecond principle aflumed in the HuttiN 
nian theory, is» that the materials which are ^olw 
leded at the bottom of the ocean are at greal 
depths expofed to the adion of an intenfe beati 
under a ftrong preiTure, by which they are fufed 
and confolidated, fo as to be capable of forn9-» 
ing new ftrata. This principle naay be confix 
dered under different afped$; and the diCcufikm 
of it is important, 0nce it is capable of affording 
a dire£l demonftratiott tftb^falfity (^tb€ HutiwUm 
bypotbefis. 

The difficulties which attend the opinion snay 
firft be flated. How ifi this immenia heat piro^ 
duced ? If from combuftion^ the only probabli^ 
fource, whence is the combuftible matter d«ri¥<» 
ed by which it is e;s:cited ? Whence is the ony^ 
gen fupplied, by which that combuftion muft be 
kept up ? And how can it be applied to mat<9- 
rials colleded and depofited from water, while 
the operation of that water is at the &me time 
excluded ? Tfaefe are difficulties which may be 
urged againft this hypothefis, and of which it 
will not be an eafy taik to give a fatiefa&ory 
folution. 

The intenfity of the heat required to produce 
that fufion whence our ftrata could have origi- 
nated is beyond what it is poffible ^ perhaps for 
the imagination clearly to conceive. This is 
Evident from the immenfe extent of thefe ftrata. 



1%e hi^idl mountains of the globe ran in ex- 
tefilfive ch&itts, and riicfe, from their connexion, 
laftQft Btccfiarily have been formed at one time. 
It is ntDt Ids erident, from the difficult fufibility 
of the fubftances either compofing their entire 
ilmfture, or contained in them. This may be 
flkiftrated by one or two examples. 

Carbonate of lime, of which all the calcare- 
tJtrs cryftafe, marbles, limeftone and chalk, con- 
iSft, cannot be fufed by any heat which we can 
trontmand, or at Icaft can be fufed only in the 
tobft minute quantity. Lafoifier was unable to 
melt a particle of it by the intenfe heat excited 
by a burning mirror ; and Sauflure, by the 
much more powerful heat excited by the flame 
of the blow-pipe, urged by a flream of oxygen 
gas, was able only to fufe *a particle of it, fo 

a 

Itnail that it Ttqoired the aid of the microfcope 
to difcovdr it. What then, fays Mr. Kirwan, 
mmft hiare been the heat neceflkry to melt whole 
mountains of this matter ? •* Judging from all 
** we at prefent know of heat, fuch a high de- 
gree could only be produced by the pureft 
air ading on an enormous quantity of com- 
" buftible matter. Now Ehrman obferved, that 
" the combttftion of 280 cubic inches of air 
" afting on charcoal was not able to effedl the 
" fufion of one grain of Carrara marble ; from 
" whence it is apparent, that all the air in the 
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" atmafphere, nor in ten atmofpheres, would 
" not melt a fingle mountain of this fubftance 
" of any extent, even if there were a fufficient 
*' quantity of inflammable matter for it to aft 
•• upon *." 

It has been attempted' to leflen, if not to ob- 
viate the force of this objedion. Profeflbr Play* 
fair has obferved, that ** this reafoning is not 
'' applicable to Dr. Hutton's hypothefis of fub- 
** terraneous heat, becSiufe it is grounded on ex- 
** periments where that very feparation of the 
" volatile and fixed parts takes place, which is 
" excluded in that hypothefis. When lime- 
*' ftone or marble is expofed to fuch a heat as 
'' is here mentioned, or even to heat of a de- 
gree vaftly inferior, the carbonic gas is ex- 
pelled, and the body is reduced to pure lime. 
The Carrara marble may require a heat of 
6300 of Wedgewood to melt it in the open 
** air, where the carbonic acid gas efcapes from 
" it ; but under fuch a preflure as would retain 
«* this gas, it cannot be inferred that it might 
** not melt with the heat of ^ glafs-houfe fur- 
" nacef.** 

This argument, that carbonate of lime may 
be fo much more fbfible than pure lime, and 
that therefore the fubterraneous heat by which 

* Gfological Eflays, p. 453. 
f lUufintionf, p. 184. 
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it is fuppofed to have been fufed, may be vtty 
moderate, fince it aded under a compreffion by 
^bich the carbonic acid would be retained, is 
fuppofed to be confirmed by an analogical fa£t. 
Dr. Black had remarked, that pure barytes is 
much lefs fufibld than carbonate of barytes, 
fince, when carbonate of barytes is expoied to 
an intenfe heat„ it firft fufes or vitrifids ; it then 
begins to part with its carbonic acid, and as it 
does fo, it returns to the folid ftate. It is fup- 
pofed, by analogy, that the cafe may be the 
fame with carbonate of lime, that when ftrong 
compreflion is applied, it may be fufed by a 
much lower heat than when the carbonic acid 
is allowed to efcape. And fuch a compreffion 
is fuppofed, in the Huttonian theory, to have 
been applied in the mineral regions,, where the 
immenfe mafies of carbonate of lime have been 
formed. 

The fadl, it may be obferved, on .which this 
argument is founded, is doubtful. In the mode 
of obtaining the bary tic earth, by decompofing 
carbonate of barytes by heat, the barytes is not 
obtained pure ; and if the experiment be made, 
as it ufually is, in an earthen veflel, as the de- 
compofition proceeds, the barytes ads upon the 
earth of the veflel, and forms with it a fpecies 
of frit. The fubftance obtained in this way is 
both much lefs fufible and lefs foluble than the 
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pure earth obtained by decompofiog the oitrate 
of barytes, according to the procefs of Vaxique* 
lin« This earth is indeed fo eaiily fulible, that 
the fad cannot be admitted, that barytei, when 
pure, is more infuiible than when combined 
with carbonic acid. Frecifely the reverfe U the 
cafe. 

But were it true, the analogy thesnce extend- 
ed to lime is not juft. Carbonate of haryte$, it 
is &id, fofes before it parts with its carbonic acid ; 
but carbonate of lime does not. No analogy, 
therefore^ cKifts between them in the iocrea^ 
fuiibiiity ariixng from the combination of car- 
bonic acid with tbefe earths ; or tliere are no 
juft grounds for fuppofing that lime, like baryti^, 
is rendered more fufible by combination with 
that acid ; and therefore there is no foundation 
for this argvm^nt of Profeffor Play fair. And 
even if there were, ftill the heat requilite to fiife 
carbonate of lime moft^be intenie. In order to 
decompofe it, and e^d the carbonic acid, a 
white heat is requifite, and ftill at this tempera- 
ture the calcareous carbonate is not fufed ; and 
its fufion would probably require a much greater 
heat than this. When we confider, therefore, 
the great extent of the ftrata of calcareous mat- 
ter, it is evident, that admitting the aboire ana- 
logical argument to be juft, which it is not, fiill 
aa immenfe heat muft have been neceflary for 
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thdr confblidation, according to the Hilttdntah 
hypothecs, a heat with which that of a glafs- 
houie furnace cannot be compared. 

The original obje^ion may alfo be ftated with 
equal force, with refped to other foffils in which 
there is not the fame mode of eluding it. Quartz, 
for example^ according to the experiments of 
Lavoifier, and other chemifts, is nearly as infuf- 
i\fle as lime. It not only remains unmelted in 
any heat a furnace can raife, but in the heat ex^ 
cited by a burning mirror^ Now there are en- 
tire mountains of quartz ; it is found in large 
veins in many rocks, and in others, as in granitey 
it exifts cryftallixed as a conftituent part. Tbefe^ 
therefore^ mud have had an intenfe heat applied 
to them for their fufion j and no modification, 
from the prefence of prelTure, or any other cir- 
cumftance that could have any eSed iQ promot- 
ing the fufion of the quartz, can be imagined. 
The heat of a glafs-houfe furnace, fays Mr. Play- 
fair, trufting in the impolfibility of afcertaining 
the precife fufibility of carbonate of lime, may 
have been fufficient for its fufion. But there is 
not the fame uncertainty with regard to quartz. 
It is calculated by Saufiure, that it requireis for 
its fufion a temperature equal to 4043 of Wedge- 
wood's pyrometer. Glafs, at a medium, requires 
only 30 of the fame fcale. From the comparifon 
of thefe^ therefore, we may judge of the intenfi-^ 
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ty of the beat which would be neceflary to fixk 
the ftrata of the earth, and how far the ftandard 
of comparifon which Profeflbr Playfair points 
out is juft. 

The force of this argument, we may eftimate 
from the care with which the anfwer to the ob- 
jedion, from the infufibility of carbonate of 
linxe, is repeatedly dated, and fully urged. In 
enumerating the difficulties attending the Hut- 
tonian hypothefis, from- the intenfe heat which 
muft have been required to fufe certain fub« 
ilances, the two examples of carbonate of lime 
and quartz are the mod obviouSi and have been 
generally ftated together. The defender of that 
hypothefis, difcovers an analo^cal argument, by 
which it is fuppofed, th^t the force of the ob- 
jeftion, from the infufibility of one of thefe fub- 
llances, the calcareous carbonate, may be obvi- 
ated; and this is brought forward, ftrongly dated, 
and repeated under various forms. But the other 
example, the quartz, is kept out of view. No 
notice is taken of its infufibility having been 
brought forward equally -with that of the cal- 
careous matter, as demonfi:rating the improba* 
bility of this principle of the Huttonian dod^rine. 
Is not this a tacit admiffion of the force of the 
objedion ? Where there appears a pofllibility of 
anfwering it, even en imperfed analogical argu*- 
ment, founded on a miftake in point of fad, is 
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not difiiain^d. When/ in another inflance« 
therefore, it is not attempted to anfwer it, is not 
this to admit,, that no fatisfadory reply can be 
given ? that, of courfe, the objedion, from the 
extreme infufibility of fojQil fubftances, of which 
carbonate of lime and quartz are given as the 
mod flriking examples, remains in full force ? 
and that the anxiety difplayed in obviating it, 
in one inftance where it feemed poffible to do 
fo, is a proof that the objedion is not, in the 
eftimation even of the defenders of this fyflem, 
trivial, but one which they would wilh, if pof- 
iible, to remove ? 

So far, therefore, the improbability of this prin- 
ciple of the Huttonian theory, that foflils have 
been fufed by a fubterraneous heat, muft appear 
evident from the di£Bculties which attend it. 
Whether we confider the extent of the flrata 
thus fuppofed to have been fufed, or the extreme 
infufibility of the matter of which they are 
compofed, the heat requifite muft exceed, in in- 
tenfity, not only any that we know, but even 
any that the imagination can conceive ; and 
far the produdlioh of fuch a heat, no adequate 
caufe can be affigned. 

But this argument, however forcible, may 
ftill be placed in a ftronger point of view. It 
is the peculiar feature, and as has been ftated 
by its author, the excellence of the Huttonian 

ft 2 
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theory, that the operations it fuppofes are inti- 
mately connected, and are carried on in a fuc- 
ceffion to which no limits are placed. It does 
not account merely for the appearances which 
the earth at prefent exhibits, but unfolds a fyf- 
tern in which the deftrudion and formation of 
fucceflive habitable worlds are explained. In 
every part of it, therefore, provifion muft be 
made, not merely for the produdtion of an effeft, 
but for the reprodudion of that effeft an inde- 
finite number of times. Indulge the defender 
of this hypothefis with the aQumption, that there 
exifted in the bowels of the earth a quantity of 
combuftible matter fufficient to have produced 
a heat capable of having fufed the prefent flra- 
ta, and that a fufficient quantity of air was fup- 
plied to fupport its burning, even this will 
avail him little. Thefe ftrata are fuppofed to 
have originated from the decay of others which 
exifted before them of a fimilar Icind, and which 
had been formed in the fame manner; and 
they are to be fucceeded by new ftrata likewife 
fufed and elevated by heat. N othing can be 
more incontrovertible, than that any accumula- 
tion of combuftible mattei\ or any coUedlion of 
air which can be imagined, would not, from the 
very principles of the fyftem, be fufficient to 
^maintain fuch operations. It is a propofition 
indeed felf-evident, that a limited quantity could 
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not ferve to fapport operations, not only im- 
menfe in their extent, but unlimited in their 
fucceffion. 

On the other hand. Dr. Hutton cannot (how 
that there is any procefs carried on at the fur- 
face of the earth fufficiently extenfive to fup- 
ply combuftible matter for thefe operations* 
He feems to imagine that vegetation is capable 
of fcrving this purpofe. " Let us fuppofe," fays 
he, ** the fubterraneous fire fupplied with its 
*^ combuftible materials from this fource, the 
" vegetable bodies growing upon the furface of 
'* the land : Here is a fource provided for the 
** fupplying of mineral fire ; a fource which is 
^ inexhauftible or unlimited, unlefs we are to 
'* circumfcribe it with regard to time and the 
*' neceflary ingredients *." 

It is true that vegetation is the great fource 
of combuftible matter at the furface of the 
earth ; it ierves as a counterpoife to the various 
kinds of oxygenation, decompofes their produds, 
difengaging the oxygen^ and accumulating in 
the matter of plants carbon and hydrogen. 
Thefe two procefles appear defigned in the 
economy of nature as antagonifts to each other, 
oxygenation confuming the combuftible mat- 
ter wbicl^ vegetation produces, and vegetatior^ 
de-oxydating thep^oduds of oxygenation. ]^ut 

* Theory of the Earth, vo], h p; 243. 
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there is no reafon to believe tliat the one ^ehe- 
rai prociefs exceeds the other in the ultimatie ef- 
fed:. It might perhaps be urged as an objedion 
to the Huttonian theorj of the formation of 
coal, that it derives that fubftance from the ex* 
cefs of combuftible matter produced at the fur- 
face ; for it would require proof that there is 
any fuch excefs, or at leaft fuch an excefs as to 
continue for an unlimited time. But at any 
rate it can never be pretended that firom this 
fource can be derived that hnmenfe quantity of 
combuftible matter neceflary not only to farm 
the coal of the fucceeding world, but to fup- 
poit that intenfe combuftion which is required 
to fufe and confolidate its earthy ftrata. 

It even admits of demdnftration that no opew 
ration carrying on at the furface of the globe 
can furnifli an uninterrupted fupply of combuft- 
ible matter. In the formation of the ftrata, the 
Huttonian hypothefis labours under no diflSculty 
with refped to providing materials, becaufe the 
fame matter which at one period is fufed and 
elevated, is again worn down. But there is no 
fuch fucceffion of combuftible matter : in com- 
buftion it is neceflarily rendered unfit to fup- 
port the fameprocefs vntil it be de-oxydated ; 
and there is no mean pointed out, or even none 
which can be imagined, by which this is ef- 
fefted. , 
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Were even this difficulty removed, it recurs 
in piecifely the fame force with refped to the 
fupply of oxygen, which is juft as neceflary as 
combuftible matter to combuftion. No'accu-^ 
niulation of oxygen can fupport combuftion 
for an unlimited time ; and no fource can be 
inaagioed whence a fuccefiive fupply could be 
derived. 

Profeflbr Playfair feems to be fufficiently a- 
ware of the force of thefe objedions, and of the 
impoffibility of fuppofing the fubterraneous heat 
to be excited and prefcrved by any fpecies of 
combuftion ; and this, as limiting the difcuffion, 
is an important conceifion. According to all 
the appearances, he obferves, from which the 
exiftence of a central heat has been inferred, '* it 
'* is of a nature fo &r different from ordinary 
** fire, that it may require no circulation of air, 
and no fupply of materials, to fupport it. It 
is not accompanied, with inflammation or 
combuftion, the great preflure preventing 
any feparation of parts in the fubftances on 
^* which it ads, and the abfence of that elaftic 
*' fluid, without which heat feems to have no 
" power to decompofe bodies, even the moft 
*' combuftible, contributing to the unalterable 
" nature of all the fubftances in the mineral 
" regions *." Again, " In a region where the 

* lllullrations, &c. p^* 93; 
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'* adion of heat was accompanied with fuch 
^^ compreifion as is here fuppofed, there could 
" be no fire properly fo called, and no combuf- 
'* tion. This is admitted by Dr. Huttom ; and 
*^ it is therefore a fallacious argument which is 
f^ brought againft his theory, from the inipoifi* 
** bility of fire being maintained in the bowels 
of the earth. This impoflibility is precifely 
what he fuppofes, and yet Mr. Kirwan's ar- 
guments are direded not againftthe exiftence 
f of heat in the interior of the earth, but a- 
^' gainft the exiftence of burning and inflam- 
" mation*." 

Profeflbr Playfair having thus admitted, in 
the moft exprefs terms, that the fubterranean 
heat, fuppofed to be the caufe of fuch important 
eSeds in the Huttonian hypothefis, cannot a* 
rife from any fpecies of combuftion, proceeds 
to explain the mode in which he conceives it 
may be excited. His obfervations on this fub- 
jed muft be quoted at full length. *' It is not 
^* Fire in the ufual fenfe of the word, but Heat, 
t' which is required for that purpofe ; and there 
^^ is nothing chimerical in fuppofing, that nature 
'* has the means of producing heat, even in a 
•* very great degree, without the afliftance of 
*• fuel or of vital air. Friftion is a fource of 
t* heat, unlimited, for what vye know, in its ex? 

* lUuftra^ions, p. x8a. 
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*^ tent, and fo perhaps are other operations, both 
** chemical and mechanical ; nor are eithe;: 
*' combuftible fubftances, or vital air, concerned 
^ in the heat thus produced. So alfo the heat of 
** the fun's rays in the focus of a burning glafs, the 
*' mofl intenfe that is known, is independent of 
** the fubftances juft mentioned ; and, though 
** that heat certainly could not calcine a metal, 
•* nor even burn a piece of wood, without 
*^ oxygenous gas, it would doubtlefs produce as 

high a temperature in the abfence as in the 

prefence of that gas. 

It is true, that it is not by the folar rays 
** that fubterraneous heat is produced; but 
^ ftill, from this inftance, we fee, that there is 
^ no incongruity in fuppofing the produdion 
*> of heat to be independent of combuflible bo- 
" dies, and of vital air. We are indeed, in 
** all cafes, flrangeirs to the origin of heat : 
^ philofophers difpute, at this moment, con- 
^* ceming the fource of that which is produced 
*^ by burning ; and much more are they at a 
**' lois to determine, what upholds the light and 
'^ heat of the great luminary, which animates 
^ all nature by its influence. If we would 
*' form any opinion on this fubjedl, we ihall do 
^* well to attend to the fuggeftions of that great 
^* philofopher, who was hardly lefs diftinguifhed 
^^ from others by his doubts and conjedtures, 
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** than by his moil rigorous and profound in- 
** Teftigations. * May not great, denfe, and fix- 
" ed bodies, when heated beyond a certain de- 
** grce, emit light fo copioufly, as, by the emif-' 
" fton and readion of its light, and the reflec- 
^ tions and refractions of its rays within its 
pores, to grow ftill hotter, till it comes to a 
certain period of heat, fuch as is that of the 
'* fun? And, are not the fun and fixed ftars 
*' great earths, vehemently hot, whofe heat is 
** ccmferved by the greatnefs of the bodies, end 
*' the mutual adion and rea&ion between them, 
" and the light which they emit * ?' 

'* Some recent experiments feem to make the 
** fuggeilions in this query applicable to an o^ 
** paque body like the earth, as well as to lumi- 
*^ nous bodies, fuch as the fun and fixed ftarsi. 
" The radiation of heat, where there is no light, 
^* was firft rendered probable by the experi- 
" ments of M. Pidet of Geneva f ; and the 
" only objedions to which the concluQons from 
thofe experiments feemed liable, are removed 
by the late very important difcoveries of Dr. 
" Herfchcl J. From thefe it appears that heat 
" is capable of rcfradion and refledion, as well 

• Ncwton*8 Optics, uhlfupra» 
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^* as light, JTo that it is not abfurd to fuppofe, 
•* that the beat of greats denfe^ and jfixed bodies^ 
** may be conferved by tbe greatnefs of the bodkt^ 
" and tbe fntMual a^ion and reaSlion between them 
♦* and tbe heat whkb they emit *.'* 

We may ^dinire the ingenuity of thefe ob- 
fervations, in which an argument, obvious and 
incontrovertible, is fo enveloped and difguifed, 
that it re^quires fome difcuiEon to place it in its 
ctear light. To "what purpofe are the various 
fources of heat, enumerated in this reafoning ? 
To prove that it may eiift, or "be produced in- 
dependent of burning. This will be readily 
granted : But thie reafoning can prove nothing 
laithe^ ; it can never warrant the conclufion, 
tMt heat may be afcribed to the 'operation of 
an miknown caufe. If it arife not from burn- 
ing, it muft be concluded that it is produced by 
fome of its other known caufes, by fridtion, the 
fun's rays, fome fpecies of chemical aftion, or 
any other; and if it can be ftiown, that the 
fuppofed fubterranean heat cannot originate 
from atiy of thefe caufes, the objedioii to the 
hypoth^s which admits it is as ftrong and 
irrefiftible, as if combuftion were the fole 
origin of heat, and it were proved that it could 
not be the efiedl of that procefs. Now, it can 
be fatisfa<5lorily fliown, that any of the known 

* lUuftrations, &c. p. i86, 187, 188. 
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caufes of heat, are as incapable of producing 
it in the interior parts of the globe, to that ex- 
tent which mufl: be fuppofed in the Huttonian 
theory, as coxnbuftion, which, even by its de- 
fenders, is confefled to be inadequate to that 
purpofe. Hence the general conclufion a- 
gainil the fuppofition of the exiitence of fuch a 
heat will be rendered firm and incontrovertible. 

Befides, combuflion, fri&ion, and the folar 
rays, are particularly pointed out as fources of 
heat. The firft muil be, and is indeed relin- 
quilhed, as the fource of the heat fuppofed to 
exift in the mineral regions ; and> the laft is like- 
wife confefled to be inapplicable. Friftion will 
not furely be fuppofed to be the fource ; for 
what caufe can be afiigned to excite and pre- 
ferve a degree of fridtion capable of producing 
fuch an effed? All thefe caufes feem, indeed, to 
be given up, and are apparently introduced only 
to pave the way for another hypothefis,that "the 
'* heat of great, denfe, and fixed bodies, may be 
" conferved by the grfeatnefs of the bodies, and 
" the mutual adtion and readion between them 
•* and the heat which they emit j** and that to 
this caufe may be owing the heat in the cen- 
tral regions. 

This hypothefis prefents merely an indiftind 
idea to the mind, and to be refuted requires on* 
ly to be analyfed. 
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The diftinguifhing and charaAeriftic property 
of caloric, that from which by far the greater 
part of its effedts arifes, is its elafticity, or ten- 
dency to exiil every where in a date of equili- 
brium. In confequence of this tendency, it can- 
not poiEbly be accumulated, and preferred in 
that accumulated Hate, in any body whatever* 
If a mafs of matter be heated to a high tem- 
perature, it immediately begins to part with 
caloric to the bodies around it, and the fepara- 
tion is proved to take place in two modes ; part 
of it is thrown ofTin right lines, or by radiation ; 
and part by a flower communication, through 
the medium of the matter immediately in con- 
tain with it. According to the nature of that 
matter, this communication will be more or 
lefs flow, but it will always take place with a 
certain celerity ; and even if the body be com- 
pletely infulated, or placed in a vacuum, it has 
been proved, by the mod accurate experiments, 
that caloric continues to pafs from it, probably 
chiefly by radiation, but flill fo as to reduce its 
temperature. 

From thefe fafts, which are rigoroufly efta- 
bliflied, we are enabled to decide upon this fub- 
jed, and to determine how far the hypothefls, 
that the heat of great and denfe bodies may be 
preferved by the reaftion between them and 
the heat which they emit, is true. 
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If w^ cbneeive a number of largct inailbs of 
scatter at certain- temperatures, placed at im- 
menfe diftances from each other, and either ifo« 
lated,or conne^d on]y by a very fubtlemedium, 
flill a communication of caloric mufl take |dace, 
more or lefs llowly, from thefe bodies to each 
other. A quantity will be thrdwn off from all 
of them by radiation ; and if any medium exifts 
between them, another portion will be^ren off 
by communication. In a certain fenfe, this ca^ 
loric will be preferved amongft them ; it will be 
returned from one to another ; and this mutual 
communication will continue till (if no foreign 
local caufe difturb it) a common temperature 
is eflablifhed among them. But if by faying 
that great and denfe bodies can preferve their 
temperature by the mutual reaction between 
them and the heat they emit, it be meant that 
any of thefe bodies can, for an unlimited time, and 
without any foreign fource of heat, preferve itfelf 
at a temperature fuperior to that of the others, 
we may affirm, in oppofition even to the autho*- 
rity of Newton, that the conclufion is not juft, 
imlefs indeed we fuppoie that in fuch cafes calo- 
ric is endowed with peculiar modes of adion un- 
Jcnown to us. The defencelefs Huttonian may 
Ihelter himfelf under the diftindion of the an^ 
cients, of heat into celeftial and terreftrial, and 
he may confer on either what properties will bell 
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bccord with his hypothefis; but if we are to follow 
the more fober rules of philofophifing, and judge 
of the operation of a phyfical agent from what 
we know of its powers, it is obvious that in a 
fyftem of bodies, whatever may be their great* 
nefs or denfity, heat cannot be accumulated in 
one or more of them for an indefinite time. It 
is evident, therefore, that confidering the con- 
jedlurc of Newton even under this point of view, 
it cannot be rendered fubfervient to the pur- 
pofe to which the learned Profeflbr would ap« 
ply it. 

But the total infufficiency of this hypothefis 
is ftill more apparent when we regard the diftri- 
bution of caloric, not over a fyftem of bodies 
placed at diftances from each other, but merely 
over the different parts of one mafs,— 4:he point 
of view in which it muft be regarded in this dif- 
cuflion with regard to fubterraneous heat. It 
is fimply to be repeated, that it is an eflential 
property of caloric to diffufe itfelf over matter 
with which it is in contad, till an equilibrium 
or uniformity of temperature is produced, — a 
tendency which cannot be interrupted or refill, 
ed. Let us fuppofe the central parts of the 
earth to be heated to any point ; in confequence 
of this property, part of that heat muft be dif- 
fufed towards the furface in every direftion ; 
and the more denfe the earth is, the more rapid 
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wUl this diffufion be ; for although the celeritj 
of the propagation of caloric through bodies is 
not precifelj according to their deoiitieSy it is 
more nearly in that ratio than in any other. 
No heat, therefore, in the centre of the earth 
could be kept accumulated there; its inten« 
£ty mull continue uniformly to diminifh ; and 
as the Huttpnian fyflem fuppofes a fucceflion 
of worlds formed by this fubterraneous heat, of 
which part (hall always be folid and habitable, 
while another part h fluid, and in a ftate of pre- 
paration to be raifed, it is evident, that from the 
fuppoiition made of great and denfe bodies pre- 
ferving their heat, the local temperature necef- 
fary for thefe operations cannot be explained. 
The heat producing it mud come at length to 
be equally diftributed over the whole mafs, and 
either render it entirely fluid, or be incapable 
of fufing any part. 

To this view of the fubjedl, therefore, the 
prefervation of a central heat in a mafs of mat- 
ter, which is the only one that has any relation 
to the prefent queftion, the hypothefis of New- 
ton does not apply. That philofopher might 
conceive that a great body heated, and placed 
ap an immenfe diltance from^ every other, might 
from its greatnefs preferve its heat for a very 
long period. Or it might be fuppofed that a 
certain portion of caloric might be preferved in 
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a fyftem of bodies either opaque or luminous, 
by the mutual radiation and abforption of it 
among them. But neither of thefe fuppoli- 
lions, were they admitted, contribute in the 
fmalleft degree to folve the problem, how an in- 
tenfe heat could be preferved and accumulated 
in the central parts of a mafs of matter fuch as 
our earth. The hypothefis, that great bodies 
conferve their heat by their gteatnefs, and the 
mutual adion between them and the heat they 
emit, or the eftablifhed fad, that caloric emanates 
from bodies by radiation, are here of no avail : 
they have not in fad the moft remote relation 
to the queftion ; and we may admire the in- 
genuity by which they are apparently contiedt* 
ed with it. While caloric continues to be re* 
gulated by the laws according to which we know 
it to operate, it muft, if accumulated in one part 
of a mafs of matter, difiufe itfelf over the whole; 
and neither the greatnefs of the body, nor any 
other property with which this power is en- 
dowed, can efiedually arreft or counterad this 
diftribution. 

It thus appears that no adequate caufe can 
be alfigned for the produdion and continuance 
of that immenfe heat in the bowels of the e^rtb, 
which is afllimed as a firft principle in the Hut- 
tonian fyftem, and that every hypothefis on this 
fubjed labours under infuper^ble difficulties. 



C 50 ] 

We may now advance a ftep farther, and 
Ihow by direfl: demoTi/iration^ independent of the 
arguments that have hitherto been urged, that 
this principle of the theory isfalfe. It isfuppofed 
that an intenfe heat always exifts in the central 
parts of the globe, has exifted, and mufl con- 
tinue adive, while this world is regulated by its 
prefent laws. Let this be admitted, waving 
every objedion as to the mode in which this 
heat is produced or preferved ; let it be granted 
that there is a fupply of combuftible matter and 
of oxygen fufficient for that purpofe, or that great 
and denfe bodies by their greatnefs conferve 
their heat ; or let any other fuppofition for the 
produdion and continuance of this heat be re- 
ceived which the Huttonian choofes to make ; 
it is an invariable and eflential property of heat 
to diffbfe itfelf over fpace till an equilibrium of 
temperature is eftabliOied ; and where there is 
any folid matter as the medium of difFufion, its 
diftribution is more rapid. If an intenfe heat 
has always exifted at the central parts of the 
globe, this heat muft difFufe itfelf towards the 
circumference, and the difFufion of it muft con- 
tinue till the whole arrive at a common tem- 
perature. The arrangement, therefore, con- 
trived in the Huttonian fyftem for th^ fuccef- 
five renewal of the habitable part of the globe, 
and repairing the wafte to which it is fubjeded, 
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as inherently defedive. It is always becoming 
lefs fit to produce its eSeds, as the heat at the 
centre mud always be diminifhing ; and it muft 
come at length to be fubverted by the tem- 
perature being rendered uniform over the whole. 
The peculiar excellence, therefore, to which 
the Huttonian fyftem lays claim, that of point* 
ing out the means of renovation proportioned 
to the wafte^ and which did it poiTefs, would 
eralt it over every other, does not belong to it. 
In many parts of the economy of nature we 
petceive a feries of caufes and effeds capable 
of producing each other in fucceffion for an 
unlimited time, and which, while the fyftem 
is governed by its prefent laws, may be faid 
to be without any mark of a beginning, or any 
indication of an end. Water is raifed by evapora- 
tion, forms clouds, defcends again on the earth 
in rain, and thus a perpetual circulation of it is 
produced. Oxygen is confumed by animals, 
and carbonic acid formed ; while, by vegetables, 
carbonic acid is abforbed, and oxygen evolved ; 
and thefe counteradl each other, preferve the pu- 
rity of the air at nearly an uniform ftandard, and 
may be conceived to do fo for any length of time. 
The deftrudion of the elevated parts of the globe, 
the confolidation of the materials thus wafted, 
iand their elevation in new ftrata, is reprefented 
in.the Huttonian (yftem; as an operation of a fi^ 
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^ar kind ; and the view which it thus holdf 
out was ipdeed regarded by its author as it9 
peculiar excellence. It may be admitted Iq 
be one conformable to the general economy of 
nature, and, in part^ it might appear to be juft, 
£nce the materials which ^rc worn down are 
thofe which are again elevated^ and again liable 
to wafte. But in the agency by which part of thi^ 
feries of operations is fuppofed to be performed, 
the fyflem fails. No proviiion is made for' the 
continuance of the fubterranean heat, by which 
the matter wafted is to be qonfolidated and 
fdevated ; and, even allowing its exiftence, froiii 
the nature of this power, it is demonftpated, that 
it cannot be preferved for an unlimited time, 
in that adtive and concentrated ftate, which h 
neceilaiy to perform thefe operations, but that 
it has a tendency to diffufe itfelf, till it become 
every where equal ; a tendency which no power 
^an counteradt, and which is utterly fubvi^TG 
of what it is defigned to perform. The fyfteoi 
](ias within itfelf a principle of decay ; its opera^ 
tioub muft, of neceffity, have an end, and are 
incapable of producing that indefinite fucceffion 
of worlds, fuppofed by the Huttonian geologift, 
and infeparably aflbciated with the principles 
pf his theory. 

It is perhaps unneceflary to urge this di(- 
^ufiioii farther. Yet there is another point of 
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Irk^, under which this fubj^dl may be cdnfider* 

ed. Heaty it is fufficientlj known, is propagated 

tbfdugh denfe bodies with confiderable celerity. 

If a central fire, therefore, of the greateft inten* 

fity, exift, the heat niuft be propagated through 

the Aibftance of the earth towards its furface ; 

and thi^ propagation ought to be fuch, that, 

even in that period df time of which we have 

authentic records, its effedts ought to hate been 

apparent. Yet we have no reafon to believe: 

that there is any change in the medium tem-i 

})erature of the globe. The climate of particulate 

countries may be altered, from cultivation, oi^ 

other local circumflances, but no important 

general alteration appears to have taken place ; 

if it had, its efieds muft have been confpicuous^ 

by fymptoms too well marked not to indicate 

their caufe. Nay, no change of this kind ap^ 

jpears to have happened for a much longer pe- 

; rbd than that which man has afcertained. It 

may be affirmed, that the temperature which at 

jprefent prevails, is that neceffary for vegeta- 

tion, animal lite, and, in general, for all the 

operations of nature; nor could a habitable 

world lik<e ours, have exifted with a medium 

temperature many degrees inferior to that 

Which now prevails. The heat at the furface« 

therefore, mufl have always been nearly thei 

fame ; and, though a central heat has been t%* 

E3 
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ifting, according to the Hatlonian theory, for 
that imraenfe fucceflioti of time, during which 
our world, and others preceding it, have exifted, 
there ba$ been no propagation of it through the 
fubftance of the earth. If we can rely on any 
deduction whatever from the knowledge we 
poflefs, we may reft afTured, that a fyftem involv- 
ing fuch a fuppoHtion is falfe ; nor would • it 
be eafy even to imagine any procefs of reafon- 
ing by which its falfity could be more clearly 
demonftrated. 

If we compare the Huttonian with the 
Neptunian theory, it will appear evident, 
that, according to the one, the prefent arrange- 
ment of the furface of the earth admits not of 
any longer duration, than it does according to 
the others for the principle of renovation, fup- 
pofed in the former, muft have its power ex- 
tinguiflied, before the wafte, which it is deiigned 
to repair, is complete. The tendency to the 
deftrudlion of this globe, as an habitable world, 
arifes from the difintegration which the ftrata 
fufi^r ; but this difintegration is acknowledged 
to be extremely flow. ** We have mountains 
" in this country," fays Dr. Hutton, " and thofe 
** not made of more durable materials than 
*' what are common to the earth, which are not 
*• fenfibly diminiftied in their height with a 
•* thoufand years. The proof of this are the Ro- 
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" man roa4s made over fome of thofe hills. I 
*^ have feen thefe roads as diftin£t as if only. 
*' made a few years, with fuperficial pits belide 
*' them, from whence had been dug the gravel, 
*' or materials of which they had been form- 
" ed*." . If, in fo long a period, the diiintegra- 
tion is fo inconfiderable as not to be percept- 
ible, what muft be required to level thefe 
mountains with the fea? Millions of years would 
not fuffice. If the comparifon be made, of the 
degree of celerity of the propagation of caloric, 
and the quantity of matter it has to penetrate 
in palling from the centre to the furface of the 
globe, and that of the celerity of the difintegra- 
tion of the exifting flrata, as eftabhflied by thefe 
fads, it will be evident, that, after dating the 
former as low as poffible, it muft arrive at its ter- 
mination ; or, in other words, the temperature 
muft become uniform in a fhorter period than 
that which would be neceflary to complete the 
difintegration of the elevatfed parts of the pre- 
fent land. 

It is fcarcely neceflary to place the abfurdities 
following from this principle in any other point 
of view. ; yet one more may be added, if poflible 
more glaring than the others. The materials 
from the wafte of the prefent world are fuppdfed 

• Theory of the Earth, toI. ii. p. 14c. 
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to be dq)ofited in the bed of the ocean, and to 
be there confolidated by the central heat. This 
heat, therefore, has been capable of propagating 
itfeif through the immenfe mafs of falid matter 
interpofed between the centre of the earth and 
the bottom of the fca, and in a degree fo in- 
tenfe as to confolidate the loofe matter thus 
depofited. Yet beyond this it has never 
been able to advance, even in that vaft peiiod 
of time in which fuccefiive worlds have been 
forming : In other words, this heat has been 
difTnfed through fome thoufand miles, to the 
moil intenfe degree, but is there arreAed^ and 
cannot extend itfeif a few miles farther ; a cir- 
Guraftance worthy to be regarded as an interpo- 
fition of a fuperior power in favour of man. It 
is thus that the verfatile Huttonian fufpends the 
laws of nature at his pleafure, or finds them aK 
ivays pliant and accommodating to the principles 
tof bis hypothefis. 

From the whole of this reafoning, it appears, 
that under whatever afped we coniider this 
<part of the Huttonian theory, it not only labours 
tinder infuperable difficulties, but is proved to 
•be falfe. Whether we fuppofe a vaft accumu- 
lation of heat, or of matter, capable, by combuf- 
tion, or any other niode of producing it ; or 
whether we fuppofe a fucceffive fupply of heat 
or of matter capable of affording it, ftiU the fup- 
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ply cannot be inexhauilible, and, of coarfei 
cannot iupport the operations it is fiippofed to 
perforoiy for an indefinite tim<e. And, were it 
eren adequate to this, fuch is the nature of tbe 
agent employed, that it neceflarily muil prove 
deftfui^e of the fyftem it is defigned to re« 
pair. There is an accumulation of proof, whicb 
prejudice itfelf, we (houki be tempted to believe, 
could not refift, and which is more than fuffi- 
cient to eftablifli the conclufion, that whatever 
praife may be due to the Huttonian fyftem as 
a fplendid hypothefis, it has no claim to the 
more exaked rank of a juft theory. 

In this difcuffion on the exifteoceof a centfal 
iieat, it has not been thought necel&ry to no- 
tice the argument for it, drawn from the phe- 
nomena of volcanoes ; it is U> obvious that the£e 
«nie,'not from any (puree of this kind, but fcom 
4fe excited in the volcanic mountain. Yet, as , 
this is an argument on which fome ftrefs is laid, 
it may not be improper to fho w its fallacy by a 
few fads. 

i^. The heat of the matter erupted feom vol- 
canoes, is not fuch as it mud have been, wsere it 
derived from that fire whichthe Huttonian geolo- 
gift fuppofes to exift in the centre of the globe. 
This heat is fuppofed to be fufBcient to fufe gra- 
nite, and of courfe quartz, which, according to 
the experiments of Saufiure, requires a tem« 
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perature equal to 4043 of Wedgewood's fcate. 
But many fadts prove, that the heat communi- 
cated by volcanic fire, to the matter it throws 
out, feldom, if ever, equaU 120 of the f^me 
fcale. This is evident from, (horls, and various 
other foffilsi, fufible at 100, or 1x0, being found 
unaltered in the lava thrown out, — a proof that 
they had never been fufed ; and lava itfelf is 
fufed or vitrified at a temperature below 40, 
Such a heat, therefore, can bear no comparifon 
.with that fuppofed by the Huttonian geologift 
to exift in the fubterranean regions. It is of 
courfe, a proof, that the lava erupted had not 
been derived from that fource. 

2^1 The produds of volcanoes are totally un« 
like thofe which are fuppofed in the Huttoniaa 
theory to be formed and thrown out from the 
central regions. The latter confift of granite, 
porphyry, • and trap^ fubftances never rejeded 
by volcanoes. On the other hand, fulphur is an 
abundant produdion of volcanic fires, while it 
is never prefent in the unilratified rocks ; a 
proof of itfelf decifive that the matter ejeded 
from volcanoes is not derived from the fame 
fource with that which is fuppofed to give rife to 
.the produds of the central regions. The ftony 
matter thrown ftom volcanoes appears indeed, 
from many fads,to be merely the rocks and foffils 
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of the country, either fufed or partially altered 
by the volcanic fire. 

Lq/lly, The extindion of volcanoes fufflcierttly 
proves that they arife merely from the burning, 
or mutual chemical adion, of a quantity of mat- 
ter locally accumulated, and fpent after a cer- 
tain period. If they were connedled with the 
central regions, no fuch extinction fhould take 
place. 

The evidence from thefe fads is decifive ia 
proving that the volcanic mountain is the feat 
of the operations the volcano performs ; and the 
phenomena, therefore, to which thefe give rife, 
arc no proof whatever of a central fire. 

The force of fome of the difficulties which 
have been ftated in the courfe of this difcuffion, 
and the impoffibility of obviating them, feems 
to have been perceived by Dr. Hutton himfelf. 
In anfwer to the objeftions of Mr. Kirwan, he 
makes the following obfervations, from which, 
however he attempts to difguife it, this is fuf- 
flciently evident. *' 1 give myfelf little or no 

trouble about that fire, (the fire neceflary to 

fufe minerals) or take no charge with regard 
*' to the procuring of that power, as I have not 
" founded my theory on the fuppqfition of fub- 
" terraneous fire, however that fire properly fol- 
** lows as a conclufion from thofe appearances on 
•* which the theory is founded. My theory is 
** founded upon the general appearances of mine- 
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'' ral bodi^ft, and upon this, that mineral bodied 
♦* muft neceflarily have been in a ftate of fuiion. 
I do not pretend to prove demonftratively 
that they had been even hot ; however, that 
** conclufion alfo naturally follows from their 
'^ having, been in fuiion^ It is fufficient for 
*• me to demonftrate^ that thefe bodies muft 
" have been |more or lefs in a ftate of foft- 
*^ nefs and fluidity without any fpecies of fohi- 
" tion, 1 do not fay that this fluidity had been 
«** without heat, but if that had been the cafe, 
** it would have anfwered equally well the pur- 
" pofe of my theory, fo far as this went to ex- 
*' plain the confolidation of ftrata or mineral 
** bodies, which I ftill repeat muft have been by 
** fimple fluidity, and not by any fpecies of fo- 
•* lution, or any other folvent than that univer* 
^' fal one which permeates all bodies, and which 
*^ makes them fluid* 

*' Our author, (Mr. Kirwan), has juftly * 
** remarked the difficulty of fire burning be* 
** low the earth and fea. It is not iny purpofe 
** here to endeavour to remove thofe difficulties, 
^* which perhaps only exifi in thofe fuppofitionsi 
^* which are made on this occafion ; my purpofe 
'^ is to fhow that he had no immediate concern 
" with that queftion in difcuflUng the fubjefl: of 
" the confolidation which we aftually find in " 
" the ftrata of the earth, unlcfs my theory with 
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^ regard to the igneous origin of ftony fubftances 
** had proceeded upon the fuppofition of a fub* 
** terraneous fire. It is furely one thing to em* 
** ploy fire and heat to mek mineral bodies, in 
** fuppofing this to be the caufe of their confo* 
^' lidatioq, and another thing to acknowledge 
*^ fire or heat as having been exerted upon mi- 
** nerai bodie$, when it is clearly proved from 
^ aAual appearances, that thefe bodies bad beeu 
'* in a meked fiate or that of fimple fluidity. 
** Thefe are diilindions which Would be thrown 
^ away upon the vulgar, but to a man of fcience, 
^^ who analyfes arguments, and reafons ftridly 
** from efiedt to caufe, this is, 1 beheve, the 
♦* proper way of coming at the truth *," 

The obfervations of Frofeffor Flayfair are to 
the fame purpofe : They admit in eftedl the diffi* 
cukies attending the fuppofition of a central 
heat by which minerals have been^fufed, and en- 

• 

deavour to leiTen thefe difficulties, on the groismd 
that mineral fubftances are proved from their 
appearance to have already undergone fuch an 
operation. " We are not entitled, according 
•' to any rules of philofophical inveftigation, to 
*' rejedt a principle to which we are fairly led 
^* by an indudion from fa As, merely becaufe 
«< we cannot give a fatisfadory explanation of it. 

J Thopqr of the Eaftb, ▼ol. I, p. »37^ 
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'" It would be a very unfotind view of phyficarl 

•* fcience which would induce one to deny the 

^ principle of gravitation, though he cannot 

** explain it, or even though the admii&on of it 

^ reduces him to great metaph^^fical difficulties. 

^ If indeed a downright abfurdity, or ioconfif- 

^ tency with known and eilahliffaed fads, be ' 

•* involved in any principle, it ought not to. be 

*^ admitted, however it may feem calculated to 

^ explain other appearances. If, for inftance, 

^ Dr. Hutton held that combuilion was earned 

•* on iu a region where there was . no vital air, 

^ we ihould have faid that he admitted an ab- 

furdity, and that a theory founded on fuch 

poflulata was worfe than chimerical. But if 

the only thing imputable to him is, that, being 

led by indu&ion to admit the fufion of mine- 

" ral fubftances in the bowels of the earth, he 

** has affumed the exiftence of fuch heat as was 

^ fuffident for this fuiion, though he is unable 

" to afSgn the caufe of it, I believe it will be 

*' found that his fyftem only Ihares in an imperf- 

*' fedlion which is common to all phy (ical theories^, 

.** and which the utmoft improvement of fcience 

♦* will never completely remove*,'* 

Thefe obfervations are Jo far juft, that the 
jmerits of any geological theory muft reft on its 

* }UuilrationS| &c. p. 189, 
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according with the appearances of minerals. If 
it fully agrees with thefe appearances, the caufe, 
thus eftablifhed by indudion, ought to be admit- 
ted, though it may be liable to difficulties as to 
its mode of production or operation. But in 
the application of thefe obfervations to the Hut- 
tonian hypothefis there feenis to be a miftake, 
and the reafoning under which its defenders 
ihelter themfelves as a lail refource, is in feve* 
ral refpefts incorreft. 

It will be recoUedted, in the firft place, that 
the term proof ufed in this reafoning, is not to 
be underftood in the fenfe which ftriftly belongs 
to it, but in a more loofe fignification. When 
Dr. Hutton fays that he has proved minerals to 
iiave been formed by fufion, he cannot pretend 
that his proof is of that kind from which corol- 
laries may be ftridly deduced, as from a mathe- 
matical demonftration. .The proof can, from 
the nature of the fubjed, amount to no more 
than a high probability, and in eftablifhing it, 
therefore, all the circumftances are to be kept 
in view, and allowed their due weight. If dif- 

• 

ficulties attend the conclufion, that minerals 
have been formed by fubterraneous heat, thefe 
muft enter into the calculation of probabilities 
from which the conclufion itfelf is to be drawn. 
If thefe difficulties be of importance, they may 
even be capable of balancing probabilities from 
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the appearances of minJerals ; or if, on the o- 
ther hand, the proof from indodion be in any 
refpcdk doubtful oV iacoraplete, fuch difficulties 
may be fufficient to juftify the rejedion of the- 
principle partly aflumed and partly attempted 
to be proved. We are not allowed, therefore, 
to draw the qonclufion without regarding thefe 
difficulties a priori, and then fay they are of no 
avail, becaufe the proof is already eftablifhed. 

But, farther, though it were admitted as real- 
ly proved, that minerals have been formed by 
ftifion, it is not this fimple propofition merely 
which conftitutes the Huttonian hypoth^fis ; it 
is a detailed fyftem, in which a number of fuc- 
ceffive operations are fuppofed* If, in the feries^ 
one operation can be pointed out, for the uni^ 
form produdlion of which provifiou is not made, 
the fyftem is fubverted, even though other pro. 
pofitions which it embraces may be fully prov* 
ed. From the nature of heat, it can be ihown 
that this power cannot be accumulated an the 
central parts of the globe, to the extent which 
is ncceffary in the Huttonian doftrine, and that 
there is no fource from which it can be regular- 
ly fupplied. Though it were, therefore, prov- 
ed by indifputable induction from the qualities 
of minerals, that they have been formed by fu- 
fion, this would not prove the truth of the Hut- 
tonian hypothefis. The conclufion muft mew- 



ly be admitted, that thfcy luive bee^n form^ by 
iira, but not that the fiire faa« bec0 applied in 
the mQ4iC$ and under the cireunsftances which 
that bypothefis points out. Were it e^pa prpv^ 
edi&^mtbe pdfitions of the ft rata, that they 
)iad been formed and elevated by a fiibterra* 
nean beat, this would ilill oot prore the pecu« 
liarities of the fyftem, that thefe muil have 
originated from a foimer continent ; that the 
joateriaU arifing from its wafte are fubjeded id 
a central beat which at all times continues to 
operate, and that a fucceffive elevation of them 
takes place* In a word, were the igneous origin 
of foffils clearly demooftrated, it would fery^i 
only to eftabliih a Vulcanic theory, but would 
no more prove the truth of the particular fy£» 
tern of Hutton, than it would that of Leibnifti 
or Bu^n. It is to no purpofe, there&re, that 
we are told by Dr. Hutton^ that he has proved 
that minerals have been formeii by fufion* 
This, were it granted, does not prove, nor 
even tend to eftabUIh, the feveral propofitiond 
which conftitute his fyftem. Some of thefe 
are^ on the contrary, proved to be falfe | and^ 
therefore, were the proof of the firft propofitioH 
admitted, the refutation of the entire fyftem, o^ 
the denoionftration of its falfity would ftill b^ 
complete. 
Laftly, when the Huttonian dodrine id tried 
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by the teft which Profeflbr Playfair himfcif has 
properly pointed out, the decifion muft be giv- 
en againft it. ** If," fays he, " a downright 
" abfurdity or inconfiftency with known and 
*^ eftablilhed fads be involved in any princi- 
•* pie, it ought not to be admitted, however 
it may feem calculated to explain other ap* 
pearances." It is a downright abfurdity to 
fuppofe that caloric could be propagated from 
the centre of the earth to the bottom of the fea, 
fo as to confolidate the loofe materials there 
colleded, and ihould never be able to extend it- 
felf farther. It is an inconfiftency with known 
and eftablifhed fads to fuppofe that caloric 
may exift in an adive ftate in part of a mafs 
of matter without being propagated through 
the whole; and the principle, therefore, ground- 
ed on this fuppofition, muft be rejeded, how* 
ever perfed its explanation of phenomena 
might be. The fuppofition itfelf is juft as ah- 
furd as that which the Profeflbr has ftat- 
ed, as fufficient, if it had been maintain- 
ed, to overturn the theory, that combuftion 
may be carried on where there was no vital 
air ; for we have not more complete evidence 
eftabliflbing the truth as to the one of thefe 
points, than we have as to the other. The fad 
is as clearly demonftrated, that caloric diflfiifes 
Itfelf over matter till an equilibrium of tempe- 
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l^tute is attained, as that the prefeneel tt oxy^ 
gen is neceflary for the procefs of combuflion ; 
fend any principle which contradids the one 
tnuft be regarded as falfe, as much as that which 
coiitradi6is the other. We may^ therefore, pro- 
nounce in the words of Mr. Playfair, " that a 
** theory founded on fuch pojiulata is worfc 
" than chimerical.** 

The extenfive difcuffion on this firft principle 
of the Huttonian theory, may demand fome a- 
pology» Its importance affords one that is fuf- 
ficient. The evidence for a geological theory, 
from the appearances of minerals, muft often 
be iitiperfed: or ambiguous, and it evidently is 
fo, fince different opinions are held on the fub* 
jeft. But when the firft principles of a fyftem 
are pi^oved to involve abfurdities, and contradic- 
tions with known fa<3s, the refutation of it is 
neceflarily more complete. 

The difcuflSon is of importance like wife in the 
fubfequent inveftigation. No hypothelis was 
ever broached which did not explain, and ex- 
plain even in a fatisfadory manlier, fome of the 
phenomena it is defigned to embrace ; and this 
will no doubt be found to hold true of the Hut- 
tonian theory. But when the falfity of its prin- 
ciples is thus demonftrated, thefe explanations 
will be regarded in their true light— as Ikilful 
or fortunate adaptations of the hypothelis to the 
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phenomena, and not as juft interpretations of 
nature. 

The laft general principle of the Huttonian 
fyftem is, th^t the (Irata after having been fu(ed 
and confolidated by fubterr^nean heat, bad been 
elevated by the fame power. To its pcobateli- 
ty, i priori, the fame< objedion may be made 
which has been already urge4 with refpe^Jt to 
the fufion of th^e ftrata^—tbe difficulty or impof* 
Ability of obtaining and preferving a degree of 
heat fufficlent for fuch a purpof(?. And were 
this granted, no principle is pointed oijit in the 
theory by which the adion oi this pQwer caa 
be regulated. It is always reprefented a^ the 
peculiar, excellence of this fyftem, that none of 
its operations are the refult of accident, but al][ 
are adapted to the attainment of a determinate 
end. Yet in the fuppofition of this elevation of 
the ftrata by an expaniive power, no caufe is 
pointed oi;t for its regular exertion in the mode 
the theory fuppofes, or why it fliould not be 
occafionally the caufe of havoc and diforder, as 
of the renovation of a continent; and why it 
might not elevate thefe ftrata before they had 
been fully prepared. For the produftion of the 
efFeft the Huttonian theory afcribes to it, it is 
neceflary that it fhould be exerted on the ftrata, 
confolidated and ready for elevation at the hot*- 
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torn ci the fea. Yet there is nothing connedted 
with it, no circiimftance poidted out which 
(hould preferve it within thefe limits, or caufe 
it to adl there more than upon the elevated 
land. The principle ailumed, therefore, is at 
once gratuitous and improbable* How far it 
accounts for the appearances which the ftrata 
exhibit, is afterwards to be confidered. 
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We are now to confider the Neptunian theory 
with regard to thi probability of its firft prin- 
ciple^'-^that the different foflils have been form- 
ed, and the ilrata arranged by depofition from 
water. 

The great objeftion to this principle is, the in- 
folubility in water of the matter of which thefe 
ftrata conM. The fimple earths which are found 
in any confiderable quantity in nature^ as lime, 
argil, magnefia, and filex, are very fparingly fo- 
luble in it ; and the compounds which they form 
by their union, the different earthy foffils, are 
many, or even the greater number of them, ap- 
parently infoluble. How therefore can it be 
fuppofed that water is the agent which has given 
them fluidity, or that they have been con- 
folidated from aqueous folution ? *^ To affirm 
•* that water was ever capable of difTolving thefe 
" fubflances, is to afcribe to it powers which it 
** confelTedly has not at prefent; and therefore 
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it is to introduce an hypothefis, not merely 
gratuitous, but one which, phyficallj fpeaking, 
^ is abfurd and impoflible *." 

In ftrid reafoning, the Neptunift may decline 
anfwering objedions of this kind. The only 
principle which he aiEimes is, that follils muft 
have been fermed by confolidation from aqueous 
folution, becaufe the appearances they pirefeni 
are incompatible with the fuppofition of thtit 
being formed by fire, If he can eftabliih this, 
his opinion is proved, and his reafoning may 
therefore be entirely confined to it. He may 
rejed, as fubjefts beyond the reach of iavefti* 
gation, the inquiries refpeding the manner ia 
which this aqueous folution and the confolida- 
tion from it were effeded ; and if prefled with 
objedions from thefe topics, the anfwer is fuffi- 
cient, that, in the operations of nature, efiedU 
may have arifen from caufes, though in the pr&.. 
fent date of our knowledge we may be unable 
to point out how from fuch caufes they could 
have been produced. The Huttonian geologift. 
by afpiring to higher ground, occupies a lefs ad* 
vantageous pofition. He prefents us with a con« 
neded fyftem, in whjch not only a particular 
caufe is pointed out for the produdion of cer^ 
tain effeds, but in which alfo is detailed how 

_ • lllufiratiqns, p. x8,; 
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and where» with what force, and under what mo* 
difying circamftances this caufe has operated; 
anid confequently objedions to any of thefe parts 
of his dodrine it is incumbent on him to anfwer. 
But the Neptunift may reft fatisfied with the in* 
dudtion from fads, that water has been the chief 
agent in the formation of minerals, and his con- 
clufion will be juft, though he may be unable 
to point out how it has operated. 

Let us endeavour to difcover, however, if the 
force of this great objedtion to the Neptunian 
theory may not be obviated. 

It may be remarked, that the reafoning from 
which it derives its force is of that faulty kind 
which a found logic profcribes. We reafon con« 
fidently from what is at prefent to what has 
been, and fuppofe unreafonably that foffils 
muft have been the fame at their formation 
and arrangement as they now are ; that they 
muft have been in the fame ftate of aggregation, 
muft have exerted the fame affinities, and had 
the fame relations to each other. Yet nothing 
I is more certain than that in thefe refpeds they 

muft have been extremely different, and fuch 
differences muft have produced the moft impor* 
tant effeds. 

Thus it is a principle now admitted by every 
chemift, that a fubftance in mafs, from its ftate 
of aggregation, may be infoluble in a fluid in 

^4 
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svbich, when in a ftate of extreme mechanical 
dlvifion, it may be diflblved. The exampkv of 
this kind id the mineral kingdom are mimerous. 
The corundum flone, though conMing princi^ 
pally of argillaceous eartb| is infoluble in any 
acid till its cobefioQ be overcome/ Flint is not 
adled on by an alkali, unlefs it has previoufly 
betn reduced to a iiate of mechanical divifion« 
The jargon refill* every attempt to decoropofe 
tt ill the humid way^ till its aggregation is over« 
pome by the joint adion df potafli and a flrong 
heat. The native dxyd of tin is from the fame 
jcaufe infoluble in any acid. And in general, in 
fnineral analyiis, this infolubility froitt aggrega* 
tioQ, requires to be overcome by various preli^ 
jninary operations. 

It is apparently from this caufe that feveral 
pf the earths and earthy foffils have been confi- 
dqred as incapable of being diiTolved by water, 
though foluble in that fluid. This is particu- 
larly exemplified. in filex, the earth which has 
been deemed the leail foldble of any, and of 
courfe with refpedt to which the Neptuntil finds 
the greatelt difficulty. When triturated with 
water, no fenfible portion of it is difiblved ; yet 
there are a variety of fads which prove it to be 
foluble. If, for example, the filex be combined 
by fufion with an alkali, and if this compound 
be afterwards decompofed by an acid, the £li«- 
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ceaos earth thrown down is in a date c^ eM* 
treme mechanical divifion, into which it canflot 
be brought by any other means ; and in this 
(late it is fbluble in water ; fo that if a large 
quantity be employed to dilute it, the earth is 
not precipitated. Siliceous ftaladites, thoii|^ 
rare, are fometimes however found, as is adsHt^ 
ted by Dr. Hutton himfelf ; and in nature^ files 
has wSt\xi\ly been found diflblved in many mi* 
xieral waters. It is fuffictent to give as an tr- 
ample of this the water of the Geyfer fountain 
in Iceland. A hundred cubic inches of this 
water were found by Klaproth to hold diflblved 
not le(s than nine grains of &hx, and by Dr. 
Black zo.S grains. The latter illuftrious che^ 
milt fuppofed that the folubility of the earth 
might be promoted by a portion of ibda like^- 
wife prefent in the water. But Klaproth has 
juflJy obferved, that the quantity of this is com- 
paratively fo fmall, (only three grains accord- 
ing to his analylis, and 1.5 according to Dr. 
Black's, in xoo cubic inches of the water) that 
it is altogether inadequate to the produdlion of 
fuch an effed ; and that, befides this, the foda 
is neutralifed by carbonic acid, while it is only 
the pure alkali that promotes the folubility of 
tlus earth. Silex has alfo been found difr<plved 
\a water in which no alkali was prefent *. No 

^ Kirwan*i Geolo^cal Eflays, p. 117. 
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doubt therefore can remain of the juftnefs of 
Klaproth's opinion, that this earth exifts in the 
water of this fountain, from its natural folubi- 
lity in that fluid, affifted probably by the high 
temperature, fince we find it depofited at the 
fides of the fountain ; a depofition which muft 
be owing to the temperature of the fpring being 
reduced on expofure to the air. 

It is proved, therefbre, that filiceous earth is 
foluble in water, and that its apparent infolubi« 
lity is owing merely to its Rate of aggregation. 
It follows, that the fame caufe muil be afligned 
for the infolubility of other foiSls; and, of 
courfe, that, though now infoluble from their 
ftate of aggregation, they may ilill have had an 
aqueous origin. To thofe with whom an ex- 
ample is more convincing than reafoning, this 
will be rendered evident by a fimplc fad. The 
filiceous depofition at the Geyfer fountain, is 
compofed, according to Klaproth, of 98 offilex, 
1.5 of argil, and 0.5 of oxyd of iron ; it is fre- 
quently as hard as agate, and is infoluble in wa- 
ter, as much as any earthy fofiil. Yet it owes 
its formation to aqueous folution ; a fad fufficient 
to convince us of the error of the conclufion, 
that foflils cannot be formed by water, becaufe, 
after their confolidation, we find them not fo- 
luble in that fluid. It is, indeed, an adual de* 
monftration, that fuch a conclufion is falfc. 
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Farther, the folvent power of water, with re- 
fped: to ady fubftance, is invariably promoted 
by heat. If we conceive, that, at the com- 
meficement of the formation of our ftrata, this 
fluid held in folution a great quantity of faline, 
eartbyt and metallic matters, it is certain that 
it would be capable of fuftaining a much high« 
er temperature than pure water would; and 
this high temperature, it is indubitable, would 
augment its folvent power. It is nearly demon- 
ftrated, that, by this agent, the power of com« 
bination, of which folution is merely a particu- 
lar cafe, may be increafed to any requifite ex- 
tent. The refearches of BerthoUet on chemical 
affinity, and a number of fads recently eftabliih- 
ed, have rendered it extremely probable, that 
there are no two bodies in nature which have 
not attradions to each other; that water, for 
example, has not only an attraction to many 
fubftances, but to all; and that, in particular 
cafes, exifting attractions are prevented from be. 
ing efficacious, only by the aggregation in the 
bodies concerned being fuperior to the chemi- 
cal attradion exerted between them, or to other 
circumflances preventing their union. The 
former power, aggregation, is uniformly di- 
minilhed by heat; and it follows nearly as a 
corollary, that, by its adion applied in a fuflS^ 
cient degree, i^ny two bodies may be made to 



I 7« ] 

combine, or any fluid may be made the folvent 
of any folid* Experiment likewife eftablifhes 
this concluGon ; for, when water . is made to 
fuftain a high heat, it becomes the folrent of 
fubftances, of which, at a low tcmpdratofe, it 
appears to be incapable of diflblTxng even the 
moijt minute portion. 

Now, it is no improbable fuppofitioo» that, »t 
the period when the materials of the furface of 
our globe were in folution, the temperature 
may have been much fuperior to that which is 
at prefent necelTary for the operations of na« 
lure. There muft, neceflarily, have been aCr 
^gned to this planet, a certain quantity of ca« 
loric, and this, before that order was eftablifhed 
which now prevails, may have been bcally ac^ 
cumulated, and may thus have been capable 
of producing, at the furface, the greateft effects. 
It has alfo been the opinion of feveral geologifts, 
(and, as an hypothefis, there is nothing to pre* 
vent it from being alTumed) that, at this period, 
the atmofphere was not formed ; of courfe, the 
immenfe quantity of latent heat which it now 
contains, would be fenfible and adive in the 
fluid mafs ; and, from this caufe alone, its tern* 
perature mud Ijave been high. It is needlefs to 
repeat, that, from fuch a caufe, the extent of 
which it is not eafy to affign, it is impolfihle to 
calculate the elTeds ; and he who would limit 



[ 77 ] 

tliem, who would fay that fach a power could not 
be prefenty or that it was incapable of the ope- 
rations fiippofcd, would reafoa in oppofition to 
principles eftahliflied by indubitable evidence. 
Tbi6 aflertioa would everi Hand contradided by 
&<5ts ; for, the felution of files in the Bath wa* 
ttrs« CariAad waters, thofe of the Geyfer foun- 
Hin» ^fsd ^bcr hoc fprings, prove the reality of 
fu^h a power ia heat, and that it is capable of 
piHNlucing fuch efie^s. 

It is now bkewife admitted, that it is impof- 
dUe to determine the force of a chemical at- 
tiai^a between any two bodies, or the efleft 
which wauld ariie from its exertion, otherwiie 
than by observation or experiment. And the 
propofition, independent of all theory, would 
at prefeat receive the affent of every chemift, 
that, if a number of fubftances were brought 
into contaA, in a ftate of extreme divifion, by 
the medium of a fluid, which itfelf exerted at- 
tradions to many of them, it would be impof- 
fible to eftimate what attraftions would be moft 
efficacious, what would be the refult of their 
concurrent exertion, or what might be fuppofed 
to be the effedl arifing from the prefence of any 
of them. 

To fpcak more precifely with regard to the 
prefent queftion, it is fuppofed in the Neptunian 
theory, that at the period of the formation of our 
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ftrata, there were dilTolved in the chaotic fiili^i 
the different fimple earths ; the fimple inflatil^ 
xnables, the metals ; with various faline matter^ 
not detompofed, or if thefe are compounds, the 
elements of which thej coniifl. To thefe, mod 
probably, are to be added the elaftic fluids, 
which at prefent form our atmofphere, and all 
thofe principles which are now accumulated in * 
the animal and vegetable fyftems« By what 
power were thefe fubftances held in folution 
by the water? The Huttonian, in his argument 
againfl: the Neptunian hypothefis, replies, that 
it muft be fuppofed to be by the attraction of 
each of them feparately to that fluid. But the 
reply is abfurd. Each fubftance would exert 
an attraction more^ or lefs efficacious to every 
other prefent, or at leafl, according to the old 
chemical notion, it would exert attractions to 
many of them ; and the effect which would re« 
fult from thefe complicated attractions, it is im« 
poflSble to eftimate. The number of fimple 
fubftances found in nature, and which muft of 
courfe have been all prefent in this fluid, ex- 
ceeds forty. Suppofe the half of thefe to be in 
fuch imall quantities as to l)e imperceptible in 
their adtion, ftill, from the numerous attradions 
of the others, any imaginable eflfeCt might 
arife. 

To illuftrate this pofition, if we take one of 
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thfefc fubftances, fuppofe the oxygen, which 
now conflitutes one fourth of our atmofphere, 
and which enters into the compofition of all 
the vegetable and animal fubftances at prefent 
exifting in fuch abundance, how are We to de- 
termine what may have been the effeds refult- 
ing from the exertion of its attractions, when 
deprived of its elafticity ? To fpecify one of 
them, it is capable of combining with all the 
metals ; and it not only promotes their folubi- 
lity in water, but increafes the force of their at-* 
tradlions to the earths, or the facility of their 
combination with them. How, therefore, are 
we to follow it through thefe numerous com« 
binations, fo as to determine the ultimate gene- 
ral eSedl? Or take hydrogen as an example: it is 
capable of combining with fulphur, and with car« 
bon; and .thefe compounds again become folvents 
of other matters. Hydrogen is even capable, in 
its nafcent ilate, of diflblving feme of the metals, 
and when deprived of its elafticity, or prefented 
in a date of conderifation, it is poffible it might 
be capable of forming combinations with the 
whole of them. Or, laftly, let us take as our iU 
luftration the muriat of foda, which exifts in 
fuch immenfe quantity in nature : It is evident, 
that if we fuppofe its principles, the acid and 
the alkali compounds, as their firaple elements 
arc unknown to us, we introduce the operations 
of fubftances, which, fo far as we know, may 
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be fully adequate of themfelres to effeOt the fo« 
Jution of every kind of matter in the chaotic 
flaid : Or if, as they bare not been decon)po£^ 
td^ we fuppofe them (imple, we are not to itna<> 
gioe that they would exift in a mere binary 
combination, or as muriat of foda ; their attract 
tions would be dinded and modified by the o* 
ther fubftances prefent, in fuch a manner, that 
he would expofe himfelf to the charge of igno- 
ismce of chemiftry, who would venture to foce-^ 
td the refult. When to thefe three natural 
iiibftances which we have taken as examples, 
the affinities of fo many others are added, it is 
obvious, that, from fuch complicated attrac- 
tioQs, any tScA which implies not a phyfical 
impoffibility might be produced. 

Another clear illuflration of the fame truth is 
afforded by a fingular fadl which has been ftat- 
ed, and which on experiment will be found to 
be juft. When the alkaline folutions of (ilex 
and argil are mixed together in equal propor* 
tions, ^ a firm, gelatinous, opalefcent mafs, re- 
" fults in a very few minutes. This is perfeft- 
" ly infoluble in water, yet foluble in acids, 
^ whether concentrated or diluted, nay even in 
** diftilled vinegar, and yet confifts of both fi- 
•• lex and argil : Here, therefore, the properties 
f* of the filex muft be confiderably altered */' 

• Nicolfon^s Journal, vol, iv. p. 543. 
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No oiie could have imagined, a priori^ that ar* 
gil could render fiiex foluble in acids, in which 
by itfelf it is perfectly infoluble ; apd from this 
fingle faft it is obvious, tl?at the conclufion is 
equally probable, that another fubftance, by the 
attraftion it exerts to filex, might render it fo- 
luble in water. It places, indeed, in a clear 
light, the influence arifing from attradtions, 
which we fliould not have fuppofed would be 
important ; and fully proves, that the efFedls 
which may refult from the mutual chemical 
aftions of a number of fubftances, cannot pof- 
fibly be eftimated. It is a fad: of the very firit 
importance, and which cannot be too highly 
prized by the Neptunian geologift. 

Reafoning of this kind, though. in itfelf fuffi- 
ciently conclufive, is always rendered more for- 
cible when it can be fhown, that effeds, analo- 
gous to what are fuppofed, adlually exift in na- 
ture, and arife from caufes of a fimilar kind. 
In the prefent cafe we can obtain the advan- 
tage of fuch an illuflration. In the formation 
of the animal and vegetable fubftances, affini- . 
ties are exerted of which we have no know- 
ledge, but from the produds that are formed, 
and combinations take place which we could 
not have imagined, and which we cannot imi- 
tate. A few fimple fubftances, carbon, hydro- 
gen, oxygen, azote, and phofphorus, only' are 

G 
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concerned ; iKit fo far from forming the few hi^ 
nary, or ternary compounds which art can pro- 
duce by combining them, they form an innu- 
merable variety of compounds, diftinguiflied by 
the poileflion of the moft oppofite properties^ 
To what caufe is this to be referred ? The phy- 
fiologift may content bimfelf with afcribing it 
to the fuperintending infiuence of an unknown 
vital power. But if we are not to fatisfy our- 
felves with a term deftitute of meaning, and 
which, fo far from folving the problem, con- 
veys no precife idea, we will fearch for fome 
more intelligible theory. We will find it in 
the circumftances in which thefe fubftances are 
placed. We now know that chemical a&mtf 
is not to be regarded as an abfolute power, 
which, in all cafes where it can operate, will 
do fo with an equal force. It is moil material- 
ly influenced in its adion by a variety of cir- 
cumftances; by force of aggregation, diftances 
of the particles, temperature, elafticity or con- 
deofation of the agents concerned, quantity of 
the m^fs, and others perhaps not afcertained. 
Wherever thefe are varied, efpecially where fe- 
veral fubftances, having mutual attra(5i:ions, are 
prefent, a difference will take place in the affi- 
nities exerted, and thus, from a very flight va- 
riatioo of circumftances, the moft varied com- 
binations will refult. Art cannot eafily pro* 
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curt or regulate fucfa variations, and ihe there- 
fore cannot imitate tbe operations of animated 
nature, in which, by the moft complicated ar- 
rangement, the moft ample provifion is made 
for the attainfnent of thefe modifying powers. 
Hence, as has been faid, e^eds refult on which 
we could not, d priori, calculate ; and the in- 
ference^ from this, to thefe operations by which 
the materials of our flrata were dilTolved and 
confolidated, is dired and incontrovertible. At- 
tradions muft have been exerted, of which we 
know neither the number nor abfolute force ; 
and thefe muil have been indefinitely modified, 
by the circumftances of temperature, quantity, 
con^denfation, and others which we cannot de- 
termine, and which, in the inftance of the or- 
ganic products now pointed out, produce fuch 
important efFefts. He, thereforer would reafon 
ftrangely, who would abftraft entirely thefe cir- 
cumftances, and tell us, that becaufe when 
flint is triturated in a mortar with water it is 
ndt diilblved, it is a phyfical impoffibility that 
filiceous earth (hould have been in folution in 
the chaotic fluid. His reafoning would be^ 
nearly th^ fame as that by which it Ihould be 
affirrti^d, that fugar cannot be a compound of 
carbon, hydrogen, and oxygen, becaufe we can- 
riot form it by combining thefe principles, or 
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are unable, eyen by any means, to bring them 
into a ternary combination. 
. Laftly, we do not know what really are the 
fimple. principles of the fubftances exifting in 
the mineral kingdom ; and this of itfelf is fuffi- 
cient to folve the whole difBculty. If w^e ana- 
lyfe an earthy foffil, we find our analyfis cannot 
be carried beyond certain fubftances, which we 
term fimple earths : or if we examine the com- 
pofition of an ore, we refolve it into a metal com- 
bined with fome other body. But can we af- 
firm that thefe earths and metals are certainly 
fimple bodies, or that they may not be com- 
pounds ? He who knows any thing of the prin- 
ciples of chemiftry, or even of its hiftory, would 
never confider the former conclufion as efta- 
blifhed, but would rather incline to the latter, 
fince our analyfis can never prove a body to be 
abfolutely fimple ; and the progrefs of difcovery 
has invariably been, to prove fubftances, ap- 
parently fo, to be compounds, and compounds 
too of a nature very diflferent from what, the 
ftate of ktiowledge prior to the difcovery would 
have fuggefted. If fome years back an opinion 
on any fubjeft had been maintained which re- 
quired the fuppofition that water and air were 
compounds, it would probably, from the preva- 
lent notion of thefe bodies being elements, 
have been rejefted, yet t;he event has fhown 
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that it would have been juft. And on the fame 
grounds, it is equally allowable at prefent to 
fuppofe, if it be neceffary to do fo to fplve a 
difficulty attending a principle eftabliihed on 
evidence, that the earths and inetals may be 
compounds ; and indeed in itfelf fuch a fuppo* 
iition is entitled to equal regard with that which 
confiders them as llmple, and is perhaps more 
conformable to truth- As a general rule to 
guard againil extravagant fpeculatioo, or as a 
principle which regulates our arrangements, it 
may not be improper to rank every fubftance 
as fimple which is not decompofed; but it ihould 
not be forgotten, that this is a mere fuppofition, 
admitted for thefe reafons, that it is only a 
principle of convenience, but that in the ab- 
ftra^b it is not more certain than the oppofite 
conclufion. 

We Ibould not indeed err much, perhaps, if 
w6 confidered the greater number of bodies 
which are at prefent the fubjedls of our know- 
ledge as compounds. Chemiftry is but in 
its infancy ; within a few years only has it dif- 
covered the compofition of a number of fub- 
ftances ; and fhall we believe that it has already 
attained the end of its refearcbes, and that the 
varieties of matter which analyfis has difcovered 
are truly elementary ? Bodies, as they approach 
to fimplicity, apparently become more fubtle, 
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as is evident from coatraftiag the fimple gafts 
with the compounds they form. When we 
compare the amazing fubtility and temiity of 
light, aod thofe kindfi of matter which give rif^ 
to the phenomena of magnetifm,eledricity, and 
galvanifm, with the groflnefs and fluggiflmefs 
oi the metals and earths, or even the iimple 
gafesy we will per<:eive that here the ufuel gra* 
dations of nature are not obferved; that the 
chain which (hould conaedt material bodies is 
as it were broken between thefe different clafles: 
and that the fuppofition is not improbable that 
thefe grofler bodies are compounds of others 
more fubtle, which may approach, or graduate 
into thofe kinds of matter that have the moft 
undoubted claim to the charafter of fimplicity. 
There are likewife a variety of feds both in 
chemiftry and mineralogy, fuch as the apparentt 
tranfmutation of flint into calcareous earth, and 
the production of the earths in the vegetable 
fyftem, which appear to indicate that thefe are 
compounds. 

To fuch fuppofitions, however, though in 
themfelves fufficiently probable, and not unfup- 
ported, we need not have recourfe. It is fuf- 
ficient that the abfolute fimplicity of thefe 
bodies, — the earths and metals, is not proved. 
If the -polBbility of their being compounds be 
admitted, (and its impolfibility the Huttonian 
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will n€¥eir be abk to demooftrate) the objeAion 
te tile Neptunian theory of their formation, that 
tbey are nearly infoluble in water, Is of no force. 
It is obvious, that if compounds, their principles 
might exill in the fluid or even aerial form, that 
they might be foluble in water, or by their mu* 
tual attradion might contribute reciprocally to 
their folution, and that when combined in other 
modes they might form thofe lefs foluble com- 
pounds which now exift. 

When we confidet the circumftances now e* 
numerated, the influence of aggregation in pre*- 
venting folution,' the power of temperature in 
promoting it, the incalculable efieds refulting 
from the exertion of complicated affinities, and 
the poflibility of fubftances being compounds, 
which our imperfect knowledge ranks as fimple, 
we can have no hefitation in admitting the con- 
clufion which each feparately eftablifhes, that 
foffils may have been formed by water, though 
apparently infoluble in that fluid. And if an 
induction from fads ihall render probable their 
aqueous origin, their prefipnt infolubility will 
form no objedion of real force. 

Dr. Hvitton has like wife fuJ)pofed, that, grant- 
ing the folubility in water of the matter of which 
our flrata confift, their fubfequent confolidation 
cannot be {iccounted for on the Neptunian the- 
f>iy. The porofity of the mafs could never be 
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entirely baniflied ; and had minerals been con- 
folidated in this way, the folvent ought either 
to remain in them in a liquid ftate, or if fepa- 
rated by evaporation or percolation, it muft 
have left the pores empty, and the body per- 
vious to water, 

" Water," fays Dr. Hutton, *' being the ge- 
" neral medium in which bodies colledled at the 
•* bottom of the fea are always cgntained, if 
" thofe mafles of colleded matter are to be con- 
f* folidated by folution, it muft be by the dif- 
" folution of thofe bodies in that water as a 
•' menftruum, and by thq concretion or cryftaU 
" lization of this diflblved matter, that the fpaces, 
*' firft occupied by water in thofe mailes, are af- 
" terwards to be filled with a hard and folid fub- 
" ftance ; but without fome other power, by 
*' which the water contained in thofe cavities 
*' and endlefs labyrinths of the ftrata, fliould be 
" feparated in proportion as it had performed its 
" talk, it is inconceivable how thofe mafles, 
" however changed from the ftale of their firft 
«* fubfidence, ftiould be abfolutely confolidated, 
•• without any vifible or fluid water in their 
" compofition. 

" fiefides this difficulty of having the water 
" feparated from the porous mafles which are to 
" be confolidated, there is another with which,. 
" upoathis fupppfition, we have to ftruggle. 
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" This is, From whence fhould co,me the m^t- 
" ter with which the numberlcfs cavities in 
?' thofe mafles are to be filled ? 

The water in the cavities and interftices of 
thofe bodies compofing ftrata/ muft be in a 
ftagnating ftate ; confequently, it can only 
2L&: upon the furfaces of thofe cavities which 
are to be filled up. But with what are they 
to be filled ? Not with water ; they are full 
^ of that already : Not with the fubftance of 
^* the bodies which contain that water; this 
•" would be only to make one cavity in order 
" to fill up another. If, therefore, the cavities 
" of the ftrata are to be filled with fohd matter, 
••* by means of water, there muft be made to 
." pafs through thofe porous mafles, water im- 
** pregnated with fome other fubftances in a dif- 
?* folved ftate ; and the aqueous menftruum muft 
^* be made to feparate from the diflblved fub- 
" ftance, and to depofit the fame in thofe cavi- 
?• ties through which the folution moves*.'* 

Profeflbr Playfair adds to thefe obfervations, 
^* It is evident, that the confolidation pro- 
?* duced by the adion of water, or of any other 
" fluid menftruum, in the manner juft referred 
" to, muft neceflarily be imperfedt, and can ne- 
*• ver entirely banifh the porofity of the roafe, 

f Theory of the Earth, vol. I. p. 449 45* 
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^' For the bulk of the folrent, and of the mat. 
^ ter it contained in fblution, being greatet 
*' than the bulk of either taken fingly, when 
** the latter was depofited, the former would 
** have fufficient room left, and would continue 
*• to occupy a certain fpace in the interior of 
^' the ftrata. A liquid folvent, therefore, could 
•• never ihut up the pores of a body, to the; en* 
^' tire exclufion of itfelf ; and, had mineral fub- 
^* fiances been confolidated, as here fuppofed, 
^* the folvent ought either to remain within 
^ them ia a liquid ftate, or, if evaporated, ihould 
^* have left the pores empty, and the body per- 
•* vioos to water. Neither of thefe, however, 
^' is the fad ; many ftratified bodies are per- 
**' fe6tly impervious to water, and few mineral 
'* fqbftapces contain water in a liquid ftate. 
** That they fometimes contain it, chemically 
^^ united to them, is no proof of their folidity 
" having been brought about by that fluid; 
*' for fuch chemical union is as confiftent with 
** the fuppofition of igneous as of aqueoys con- 
M folidation, finlpe the region in which the fire 
** was applied, on every' bypothcfis, rauft have 
^- abounded with humidity *.'■ 

Tbefe objections, it may be affirmed, ^ife 
from afcribing an bypothefis to the Neptunian 

\ 
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(jieory which does not belong to it, and tfaatt 
with r^fped to this pdnt, it labours umler no 
real diiSiculty. This will be evident, from flat- 
iag biiefly the modes in which it fuppofes con* 
iblidation to take place from fluidity by wat^r. 

If the fblid fubftance be completely diflfolyed 
in the water, it may fisparate from it by cryftal- 
lizatioo, this crfftallizatioa being determined 
by a change of circumftances in the iblution. 
If the folubiHty of the folid had been augment- 
ed by the beat of the folvent, or by the pre- 
fence in it of certain i^inciples, fuppofe of an 
aerial kmd, it is evident, that on a redu6lion of 
temperature, or on the efcape of thefe princi- 
ples, or even on new combinations taking place, 
cryftallization would c€>mmence : it would pro- 
ceed more or lefs rapidly according to the ex- 
tent in the change of circumftances bringing it 
about ; and in this manner might be formed 
the different iirata which exhibit marks of cry- 
ilallization' in their firudture. No one can 
doubt that in this way Qjiafles of the greateft 
hardnefs and denfity might be formed, and the 
chemift indeed has d^ily opportunities of ob- 
ferving the hardnefs which a eryftalline mafe ac- 
guires, when it ftands for feme time with the 
liquor over it from which it had been depo0ted, 
every vacuity which may have been left in it at 
it§ firft cryftallization being filled up by fubfe- 
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quent cryftalline depofition, and the fluid filling 
thefe cavities, being extruded* 

Other ftrata may have been formed merely 
by depofition of folid matter, not difiTolved, but 
fufpended in a fluid. In this manner have ap- 
parently originated a confiderable number of 
the fecondary ftrata. The particles, depofited 
in large beds, would at firft have little cohefion ; 
but there is no improbability in the fuppofition, 
that in this foft ftate the attraction of aggrega- 
tion would be exerted between them, fince we 
know that neither this fpecies of attraftion, nor 
chemical affinity, is entirely confined in its ac- 
tion to the ultimate particles of matter, but can 
be exerted between niinute mafles. The par- 
ticles would thus approximate^ the interpofed 
fluid would be forced out, and a mafs more or 
lefs compadt would be formed. This, on re- 
maining a long time at reft, might attain a 
great degree of hardnefs ; and it may be oh* 
fervcd, that in nature no foflil, at leaft none 
uncryftallized, is fo perfedly denfe as to be al- 
together impervious to water. This fpecies of 
confolidation would be ftill more promoted if a 
chemical were mixed with the mechanical de- 
pofite, or matter was feparated that had been 
diflblved, at the fame time with the fubfidence 
of the particles fufpended, a circumftance which 
appears to have often happened* 
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The futility of Dr. Hut ton's objedions to this 
account of confolidation from aqueous folutioii 
will now be apparent. They do not indeed ap- 
ply to it, but to an hypothefis which no Nep- 
tunift maintains. In accounting for the confd- 
lidation of the ftrata by water, it is not conceived 
that the loofe materials are firil depofited at the 
bottom of the fea, and that then fome matter 
is introduced into their pores by which they are 
rendered hard. They have been formed either 
by cryllallization or precipitation. In the for- 
mer mode it is obvious that no operation of this 
kind can be fuppofed requifite to confolidate 
them ; in the latter cafe it is in general equally 
unneceiTary, becaufe when the particles in a' 
ftate of minute divifion were depofited, they 
might cohere, and would not, as Dr. Hutton 
conceives, require the introdudlion of any other 
matter to . complete their confolidation. But 
were even fuch a fuppofition made, the objec- 
tion would be groundlefs. If the water fuppo- 
fed to be introduced into the precipitated mafs 
had particles of folid matter vatxAy fujpended in 
it, thefe would be difpofed to fubfide, and co- 
here more or lefs jfirmly with the folid matter in- 
to which the water had been infinuated, and the 
water i^felf would at the fame time be extruded. 
Or if the folid matter were diffblved^ it would be 
difpofed to cryftallize, by obtaining a nucleus 
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ill tiie ftrata into which the water ccntaiRing it 
had infinoated. There are even fads which 
fuUy prove that ftony particles may be introdti- 
ced by infiltration into ftrata, and may gire tfaetn 
additional hardnefs *, a caiife whkh, it i$ not 
improbable, has operated to a confideraUe ex- 
tent in snineral^confoUdation. ^ 

Still Dr. HuttoB repeats his objeftions to the 
Neptunian explanation of confolidation. In 
his reply to Mr. Kirwan, who had ftated this 
explanation, he has the following lingular ob« 
fervatioes :* *^ If I underfland our author's (Mr. 
*' Kirwan's) argument, the particles of Hone 
^* are, by their mutcml attradions, to leave thofe 
^* hard and folid bodies which compofe the 
^ ftratay that is to fay, thoie bard bodies are to 
** diflblve themfelves ; but, To what purpofe ? 
*' This muft be to fill up the Jnterftices, which 
** we muft fuppofe occupied by the water. In 
«< that cafe, we ftiould. find the original inter^ 
'' ftices filled with the fubftances which had 
** compofed the ftrata, and we ihould find the 
*^ water tranftated into the places of thofe 
" bodies ; here Would be properly a tranfmuta- 
'* tion, but no codfolidation of the ftrata, fuch 
*^ as we are to look for, and fuch as we a^ually 
•' find among thofe ftrata. It may be very 

* Kirwan*s Geological Ef&y?, p, zja. 
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*^ eafjF fot our author to form thofe iexpla^tioiia 
*^ of natural phenomena ; it coils no tedious 
*' ohferyatioQ of fads, which are to he gathered 
*^ with labour, patience, and attention ; he has 
but to look into his own fancy, as phUc^o^ 
pfaer& did in former times^ when they Ikw 
^' the abhorrence of a vacuum and explained 
^* the pump. It is thus that we are here told 
** the confolidation of ftrata arifes from the mu* 
^ tual attradim qf the component particles tf 
ftones to each other ^ The power, by which the 
particles of folid ftony bodies* retain their 
places in relation to each other, and refift fe- 
paration from the mafs, may, no doubt, be 
properly enough termed their mutual attrac* 
'* tionf ; but we are not here inquiring aftev 
** that power; we are to inyeftigate the power. 
** by which the particles of hard and ftony 
*' bodies had been iieparated, contrary to their 
*' mutual attradlions, in order to form new coq« 
'* cretions, by being again brought within the 
'* fpheres of adtion in which their mutual at- 
" tradions might take place, and make them 
'' one iblid body. Now, to fay that this is by 
" their mutual attradion^ is either to mifunder* 
^' Hand the proper queilion, or to give a moft 
** prepofterous anfwer *.'• 

• Theory of the Earth, vol. i. p. ai8, 429. 
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The caufe oF this Angularly confufcd and 
miftaken ftatemerit, appears to be, Dr. Huttofl 
having always before him a limited view, of his 
fubjedt. When he afks, by what caufe are the 
flrata confolidated ? he appears to mean, not as 
his expi^eflion would imply, the ftrata in general, 
but thofc particular ftrata which confift of me- 
chanical fragments cemented together. He con- 
fiders thefe ftrata as compofed of particular col- 
leftidns of fubftances, liraeftone, for example, of 
remains of marine animals, and pudding-ftone,' 
of pebbles or gravel, which are confolidated by 
being fixed in a common cement. When, there- 
fore, his queftion is,anfwered, by faying, that 
confolidation is owing to the mutual attradlion 
of the particles, the anfwer appears to him pre- 
pofterous. But this is owing to the prepofter-* 
ous manner in which, he has conceived the fub- 
jeft. It is a proper anfwer with refpeft to the 
confolidation of homogenous ftrata, which a- 
mount at leaft to nine in ten of the whole. 
And, if the queftion were farther put, with re- 
fpcd to thefe particular ftrata, which are com- 
pofed of mechanical fragments cemented to- 
gether, the anfwer of the Neptunian would 
then be, that the cementing matter of thefe 
ftrata had been depofited around thefe frag- 
ments from folution or fufpenfion in water, and 
that the attradion of aggregation being exerted 
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between its particles, it had confolidated, and, 
df courfe» had confolidated the whole mafs. 

Or rather the limited view which Dr. Hut- 
ton takes of this fubjed:, arifes from his hypothec 
iSs, that all the ftrata have anfen from the de- 
cay of former ones ; and that, therefore, their 
materials have once confided of mechanical 
fragments loofely depofited. He ihould have 
recoUeded, however, that this fuppofition is not 
admitted by his antagonift, and that he there- 
fore was not at liberty to attribute it to him, or 
to reafon from it as if it were received. The 
opinion of the Neptunift as to the original con- 
dition of the materials of the ftrata is altogethet 
, different^ and it is not to this opinion, but to an 
hypothefis, ,the creature of his own imagination, 
and of his limited views, that the objedions 
of Dr. Hutton on confolidation apply. 

Examples of both the kinds of confolidation 
pointed out, are abundant in nature. Calca- 
reous cryftals and ftaladites, and even filiceous 
ftaladites, are frequently formed by water at 
the furface, and ihow, at leaft, that from cryftal- 
lization, perfed confolidation may take place ; 
a conclufion, indeed, which no one can doubt. 
Of depofition, too hafty to admit of cryftalliza- 
tion, the filiceous incruftation at the Geyfer 
fountain is a fufficient example. Its hardnef&is 
frequently fuch as to be equal to that of the 

H 
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'morfe hai'd iilicebiis fbflilsj agate, or lihalceclbny* 
Many other examples of confolidatioii froitt thefe 
fcaiifes, as Well as frotn mech^iiical depcVfition, 
are ftated by Mr. Kirwan *. One exf thefe *rhay 
be feledled, — that of the rcgenetat'iofn of granite, 
or the formation of a ' hard ttone frdm the ma- 
terials of that foffil. It occtrrred In a mole con- 
ftrufted "in the Oder, the fides of -^hich were of 
granite, and the middle fpace was filled inih 
granitic fand- This concreted into a'fiibftance 
fo hard as to be impenetrable by Water* The 
mode in which Dr. Huttbn attempts to obviate 
this faft could fcarcely be explained "but in 
his own words : '* Ilere is an example; accord- 
itig to our autbbr, 6f granite farmed in the 
moift way. But now I m'uft alk to fee the 
•* evidence of that faft ; for, from what our au- 
** thor has told us, I do not even fee reafon to 
•* condudc, that there Was; the kaft cbncretion, 
or any ftohe formed at all. A bbdy of fand 
will b'e Jo eorhpddled as to be inipenetrcAle by 
water y with the initrodudtibri of a very little 
" mud, and without any degree of concretion. 
Muddy water indeed cannot be made to pafs 
through fuch a 'boJy without compacting it 
fo ; and this evety body finds to their caft^ 
who have attempted to make a filter of that 
kind f ." 

♦ Geological Effays, Effay V9. 

f Thcoiy of the Earth, vol. i. p. 7^^,' 
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This requires no ianfwer. It is admitted, that 
the fubftance thus formed, was fo hard as to bd 
impenetrable by water. (Mr. Kirwan has finc^ 
added, that it was even fo ct)mpaft that it could 
fcarce be feparated froni the real granite td 
Which it was contiguous, by a blow). Yet Dr: 
Hutton Ventures to tell u^, that this hardnefs ig 
tiot from the particles having concreted, but 
from their having been compadled by mud. Ill 
another part df his vi'drk, he gives diftindlions, 
T?hich, he informs his readers, are hot for the 
vulgar to underftand. This diftindlion betweeti 
itompadihg and concreting; is perhaps one of thisi 
kind, and he who underftands it fo as to appljf 
it to the folution of the prefent difficulty, may 
cdngrjfctuilate himfelf on being none of the vul- 
gar, but probably a profound logician of Dn 
Huttbri's fchool. 

If foflils have been consolidated from water, it 
iiiight be fuppofed that they fhould contain at 
portiori of that fluid. The anfwer is, that they 
adaally do fo. No aggregate perhaps exifts irt 
natiire, which does not lofe weight on expofurc 
to heat, from the efcape of water ; fo'me bf the 
moff folid rocks lofe confiderably, and feV^ral of 
the hardeft minerals contain 5 or lo parts in th0 
100. The compofition of foflils, therefore, luflS^ 
ciently accords with the fuppofition of tbeii* 

Ha 
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being confolidated by concretion froth water j 
nor has it been fhown that they ought to corl^ 
tain more water than they adually do. In all 
cryftallized bodies, the quantity retained is dif- 
ferent, and is dependent partly on their attrac- 
tion to the fluid, and partly on circumftances 
attending their cryftallization. And there are 
fubftances adually depofited from water which 
do not contain any fenfible portion of it : 
Such, according to the analyfis of Klaproth, is 
the filiceous incruftation of the Geyfer foun- 
tain. 

We may now contraft thefe two fyftems with 
refpedl to the probability of their firft principles> 
and compare the explanation which either af- 
fords, with that which the nature of the fubjeft 
admits. We have feen, not only that the Hut- 
tonian fyftem labours under infurmountable 
difficulties, in accounting for the produdion of 
that heat by which it fuppofes the ftrata to be 
fufed and confolidated, but it has been proved^ 
that its principles ftand in diredt oppofition to 
eilablifhed fads, and are therefore falfe. The 
"Neptunian fyftem, again, in accounting for the 
original fluidity of the furface of the globe from 
the operation of water, may appear to be liable 
to fome difficulties ; but it is fertile in refources, 
fince caufes can be pointed out, by which the 



ftdion of that fluid might be modified, fo as to 
produce the efFeds afcribed to its 'operation. 
It may be impoilible to deterihine which of the 
caufes pointed out did aftually operate, or to 
which the greateft fhare in the ultimate efftdt 
is to be attributed. But what is to be expedled 
from the geologift in fuch refearches ? not fure- 
\y that he is to point out the precife manner in 
which thefe immenfe operations have been con- 
ducfted, or, as if he had been a fpedator of them, 
defcribe them in detail. The theorift may 
make pretenilons of this kind, but, under the 
name of a fyftem, he will give us merely a 
dream. It is fufficient if, from induction, a par- 
ticular caufe be eftabliftied, apd if this caufe 
be rendered probable, or objedlions to it obvi- 
ated by reafoning which involves no improbable 
fuppofitions. This is attained in the Neptunian 
theory. From the appearances of minerals, we 
Ihall find fufficient rcafon to conclude, that they 
have been formed by watpr ; and the objedlions 
whfch might, a priori^ be made to this conclu- 
fion, from the powers of water being inade- 
quate to fuch effcfts, we have feen are fufficient- 
ly obviated, by the admiifion of certain modi- 
fying circumftances, which not only might have 
operated, but which mud have done fo to a 
pertain extent. There is^ therefore, nothing to 
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psey^nt the admifiion of the principie w^icl^ 
iududion eftabliihe^. 

On this iubjedl too, were it neceflary, the 
principle ipight he infiftpd on, that, if a certain 
caufe be fuggefted by the phenopiena, it ou,ght 
to b^ admitted, though there are diflSxnilsies ir\ 
explaining it? precife mode pf operation. Dr. 
Kuttpn and Profeflbr Playfair apply this argu- 
ment to the fupport of their doxSlrine, without 
perceiving or acknowledging that it can be 
j[)rought with equal force to eftablifh the Nep- 
tunian theory : " I haye prpyed," fays Dr» 
iputtpn, " that thpfe ftony fubftances havebee^ 
** in the fluid ftate of fufion ; aiid fppnv this I 
" haye inferred the former exiflence of an in- 
** ternal heat, a fubterraneous fire, or a certaiii 
*^' caufe of fufiqn, by whatever name it ihall be 
" called, arid by whatever means it fhall have 
f/ been procured. Though I Ihould confefe my 
" ignorance with regard to the meaus of pro- 
V curing fire, the evidence of the raeltiiig ope- 
** ration, or former fluidity of thefe mineral 
" bodies, would not be thereby in the lead di- 
** minifhed t-'* It is obvious, that the whole 
of this argument may be adapted with equal 
juftice to the Neptqnian theory. I hav^ proved, 
fa defender of that fyftcra might fay) th^t thef^ 

t Theory of the Earth, vol. i. p. 239. 
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ftooy fiAton W^ hftVe beefe ki Ui^ fluid ftatc qf 
foUnwn.; apdffom th»Ijl»yc inferred tfeq ean 
ilfte^Ce of a fqlveflt, or a certain c^ufe of fej^r 

by whatever means it fhall have beep gECy|iIfj?4); 
and though I fhould confefs my ignorance with 
regard to the means of procuring this folvent, 
the evidence of the diflblving operation, or for- 
mer fluidity of thefe mineral bodies, would not 
be thereby in the lead diminiflied. 

This mode of reafoning can indeed be em- 
ployed with much more force and juftice by 
the Neptunift than by the Huttonian ; for, as 
bas already been ftiown, though it were demon- 
ftrated that minerals had been formed by fu0on, 
this would not eftablifh the truth of the Hut- 
tonian fyftem, becaufe that fyftem involves prin- 
ciples phyfically impoflible, and which there- 
fore no induftion can eftablifh ; while on the 
contrary, the Neptunian is at moft liable to fome 
difficulties which are eafily removed, and which, 
though they were not, would not be fufficient 
to invalidate the evidence which the appearances 
of minerals afford. Little doubt, therefore, it 
is prefumed, can remain of the decided fuperi- 
ority of the firft principles of the one to thofe of 
the other. We have next to examine what fup- 
port thefe theories derive from the phenomena or 
geology. The arguments of this kind which 
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have been advanced may be confidered undev 
two clafles ; thofe drawn from the poiitiohs an4 
connedllons of the ftrata of the earth, and thefe 
firom the properties and appearances of indivi? 
dual foffils. 
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PART III, 



Of the Arguments injupport of the Huttonian and 
. Neptunian Theories^ from the Pofitipns of the 
Strafa of the Glope. 



X HE immenfe maiTes which compofe the furface ' 
of the earth are extremely various in their pofi« 
tions. $ome are altogether irregular, others ace- 
difpofed in beds or ftrata which are vertical, ho- 
rizontal, or inclined at different angles to tl^e 
horizon, varying in their extent and thickneis, 
alternating often with each other, and frequently 
intimately connedled at their jjunftions. Thefe 
are fadls of the firil importance in geology, and 
which require to be explained in any theory qf 
the earth. 

The Huttonian explanations of the formation 
of the itratified rocks, and of that of the unftra- 
tified, are very different from each other, and 
require f^par^tp confideratipn. 
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Of the STFlATiriED rocks it has juft been ob^ 
ferved, that fome are vertical in their poiition, 
fome. horizontal, or nearly fo, and others inclhied 
at differexit angles to the hori;i:on. Dr. Huttoi^ 
fuppofes that all thefe have originally been ho- 
rizontal, that the mattQt <?f which they confift 
has been fprpad out on the bottom of the ocean, 
confolidated by fufion by fubterraneous heat, 
^nd afterwaf d^ ekyatecJ by the expanfive ppw^r 
pf that heat, fo as to aflume the pofitions they 
are found to have. 

In the Neptunian fyftem it is fiippofed that; 
the pofitions of the ftrata have been determined, 
partly by the figure of the bafe or ground op 
which they have been depofited, and pertly fey 
their depofititm haying been ^ fpecies of cry- 
flrallizattdn. The primitive ftrata, "vrhieh afe 
generally vetttcal or highly rnelirveaj bad firft 
been d'epofited from the original ILuld in i?iikh 
their fubftance was diflblved, and they had 
taken the form in which we find them, by hav- 
ing been haftily cryftallrzed. From thefe im- 
jnenfe mafles the water is fuppofed to have 
retired into the ftiore hollow parts of the globe, 
or into caverns in its central parts. Tbii re- 
treat was fo gradual as to have continued for 
feveral- ages^ and during it^ continttancc, the 
fecondary flf»ata appear to have bee*i fonaa- 
^d by depofitipH of i^atter &o«n the ^tan^ 
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an the fides of tht vertical and bigbly imcHned 
flrata already formed : and kftly, by the con** 
tiaued retreat of the fea, thefe fecondary ftrata 
Jf^ve like wife been left expofed. 

It is abjeded to this sircount of the ^matioii 
p£ the flrata, that it does not account for thek 
inclined or vertical pofition. If matter, it is 
faid, was depofited from a fluid, it would arrange 
itfelf in a hori?.ohtal bed ; the inchnatioa of the 
bottom or ground on which it is depofited 
mi^t hare fome efiecl in modifying the pofi- 
tion, but this would foon ceaie; the matter pre- 
cipitated, from this inclination, muil be depofited 
unequally ; being carried forward where the in^ 
cUnation i^ greateii, it would tend to arrange 
the whole iKirizontaUy, and the different bedft 
or flrata, as they are formed, would approach 
more and more to that portion. To what caafe 
dsen aret0faeafcribe(ithe vertical, or the highly 
iiaclined pofitions which they frequently have, 
and the paralleliftn which they preferve witfh 
^veat exaidoefs under very extenfive and varied 
incurvations ? 

The foETce of this obje<!lbn 4epeods entirely 
00 the fuppofitioA, tha^t in the depoiltion of thefe 
firata, their matter bad been previouHy merely 
fufpended mechanically, in a fluid, and had fub- 
fided by reft Had this been the cafe they muft 
hwc begaarranged in horizontal beds, and ought 
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of courfe to be found in that pofition. The opi^i 
nion maintained in the Neptunian theory howr 
ever, is, that they had been chemically diflblved, 
and had feparated and concreted by a fpecies 
of cryftallixation. Thefe cryftalline depofites 
mrould be in large irregular mafles, as granite, 
the rock of primary formation, is ; and the fluid 
ilill continuing to depofite matter by cryftallixa- 
tion, this matter, in conformity to the laws of 
that procefs, would cryftallize on the fides of the 
mafles already produced ; and thus the appear- 
ance of vertical ftrata would be formed : or the 
divifion of thefe might even be determined by 
the procef$ of cryftallixation itfelf. With re- 
gard to the finuofities and incurvations in thefe 
ftrata, it may be difficult to point out precifely 
how cryftallixation fhould produce them. But 
we have fufficient evidence from fads to prove 
that this procefs is capable of producing fuch e& 
feds, and adually does produce them in cafes fo 
obvious that there is no room for doubt. Sauf- 
fure has obferved, with a view to the illuftratioi^ 
of this opinion, which he maintains, that thefe 
very appearances are found in fialadlites and ala- 
bafter. Thefe confift of different layers, which, 
inftead of being in a ftraight line, are found 
with all thefe varieties of bending and waving 
which in the ftrata are confpicuous on a large 
fcale. For the production of thefe po juft caufe 
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ean be affigned but the cry ftallizatioh, imper^ 
feft as it is, by which thefe fiibftances are form* 
ed, a caufe by which not only the figure, a& 
Dr. Hutton has alleged, but like wife the ftruc- 
ture of bodies, is determined. It is obvious^ 
that fince this is proved to be a fufficient caufe, 
the reafonihg is nugatory which is founded 
merely on the difficulty of conceiving a priori 
how it fhould produce thofe efi^eds, becaufe the 
anfwer is fufficient that it actually does fo. And 
although we may be unable to fay how cryftal- 
lization (hould give rife to " the inflexion of the 
•* ftrata, the fimple curvature which they afFedi 
*^ and that parallelifm of their layers which in 
^' all their bendings is fo accurately preferved*/* 
yet we fee in the example quoted by SauiTure 
that it can produce all thefe appearances, and 
therefore it may, on a larger fcale, be adequate 
to their produdion in the mountains of the globe. 
The diffisrence of magnitude cannot alter the 
nature or powers of the procefs employed. 

In reality, fome caufe of this kind muft even 
be had recourfe to by the Huttonian geologift» 
It is fuppofed indeed that the ftratification has 
been the effedt of depofition from water j but 
this cannot be admitted ; for although the mate* 
rials of thefe ftrata might at their depofition be 

* lUufiratlont, p. 23 a. 
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cxjiiceived ^m the Huttoniah theory to be ar- 
ranged in horizontal be^s, yet their fubfequent 
fhiion^ which in chefe primary rocks is feppofed 
loot to have been partial, but coDtiplctc or nearly 
fi), TQuft have obliterated this original ftra^ifica- 
tion ; and the divifions they adually exhibit 
fean jbarcely be accounted for but on the fuppo^ 
fition that they received them in the procefs by 
•which they confoiidated. The thinnefs of thcfe 
bent layers too, in the greater number of vockt^ 
in micaceous fhiftus for example, favc)urs this 
opiiiion: it is fuch, that we cannot confidet 
the divifions of them as analogous to the divi- 
fions of beds or flrata depoiited in a horizontal 
pofition from water, and afterwards elevated; 
And the very forms of thefe cohtortibn^ are too 
tbmplicated to admit of the fuppoiition that 
they have been produced by an expatriiTe powe^t 
applied to thefe rocks while fbft. 

The pofitions of the fecondary ftf^ta niay be 
afcribed partly to the fame caufe, and partly M 
the diredion of the bafe on which they recline. 
It is certain, that ctyftallization dways com- 
ttiences from the folid furface in contafl: with 
the fluid J to this the folid maft adheres, taking 
of courfe more or lefs perfedlly ks figure or pofi- 
tion. In this manner is it conceived by Wernerj 
that the pofitions of the inclined ftrata have 
been determined ; they have been depofited by 



'ttn littperfefl: cryftallization, mingled fometimefl 
with a mechanical fubfidence, and have ad« 
'bered to the fides of the prinritive ftrata, oh 
-vrtiich 'tbiy are incumbent. And, from tte 
fame cauife, any bendiiig which they have, dif- 
ferent from that of the bafe on which they 
reft, may be explained. Hence we find, in con- 
formity to this theory, that the fecondary fl:Ta- 
ta are more inclined in the neighboutiiood of 
' the- primitive vertical mountains; and, as they 
recede from thefe, are more aearly horizontal; 
ntid thefe alfo ate more hori^^ontal, in proportioa 
as they are mechanical depofites. 

Another circumftance may be pointed out, 
as hav'mg probably fome influence on the pofi- 
tion of certain ftrata. It has been fuppofed^ 
and the fuppofition is admitted by Profeffor 
Playfair not to ' be improbable, that, after hav- 
ing been depofited horizontally, fome ftrata may 
liave funk unequally, from the unequal diftribu- 
' tion of their weight. A degree of inclination 
Would thus be given to the whole, more or lefs^ 
according to the degree of unequal depreflion 
that may have taken place. Werner has ob- 
ferved, that fuch finkings of the ftrata at their 
formation are not improbable, and they fully 
account for the inclined pofition& of various 
' ftrata which have not derived their arrange- 
ment from cryftallization^ 
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br if if fhould even be fuppofed^ that the 
|iofitions of the ftrata indicate the exertion of an 
expanfive power from beneath, by which they 
have been devated, fuch a caufe, it may be re* 
marked, maybe admitted into the Neptunian 
fyftem as not inconfiftent with its principles. 
The general appearance of thefe ftrata prove, 
that, at the period of their formation, they haid 
been fubjeft to the moft important revolutions. 
They have been disjoined from each other, the 
' beds of rivers hollowed out, iflands feparated 
from the mainland ; and, in a word, have fuf- 
fered every fpecies of fradture and diflocatioB* 
;^o caufe can be affigned for thefe effeds, more 
probable perhaps than that of an expanfion 
produced from an accumulation of heat in the 
interior parts of the globe, the power of which 
has probably beeji fpent in their produfUon. 
No appearances in the elevation of thefe ftrata 
prove the peculiar tenets of the Huttonian 
theory, that the ftrata thus elevated had once 
been fufed, or that a fubterraneous heat has 
always adled, and ftill continues undiminiftied. 
On the contrary, it has been demonftrated, that 
thefe propofitions are falfe, as being utterly in- 
confiftent with the known laws of heat ; and it 
will immediately be ftiown, that, from fuch a 
caufe, the original horizontality of thefe ftrata 
cannot pofiibly be explained. Were it there- 
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fere clearly proved that they had been ele- 
vated by an expanfive power, we mud adc^t 
fome^fuch fuppoiition as that noW flated^ that it 
had been by a caufe adling at their formatioriy 
either the accumulation of heat, the difengage-* 
ment of it by the procefs of cry flallization itfelf, 
or the extrication of aerial fluids ; a fuppofLtion 
which fufficiently accords with the other prin« 
ciples of the Neptunian theory, and is prcu 
bable in itfelf. One of this kind has even 
occurred to a celebrated Neptunift, Sauflure. 
He obferves, that after the materials were de-; 
pofited^ and formed horizontal beds, it may be 
imagined that *' heat, or elaftic fluids (hut up in 
** the interior parts of the globe, had raifed up 
** and broken the external cruft, had thus ex« 
•• traded the interior and primary part of that 
** cruft, while the external and fecondary parts 
" remained fupported on the others. Into the 
** cavities formed by fuch eruptions the waters 
" would fink, and leave the elevated land *." 
Such a fyftem is fimilar to that firft fketched by 
Lazarus Moro, and is a modification of the 
Neptunian theory that may be maintained with 
much advantage. It is doubtful, however, whe- 
ther fuch an expanfive power is to be admitted 
as a general caufe, or whether, if it has exifted 
at all, it has not been local in i|8 exertion, and 
of Gourfe the caufe of particular appearances. 

* Voyagei aux Alpes, t. iv. zee. 
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We bire next to confider tbe acCQunt wfaieli 
tin Huttonian thoorir gives of the aonangemait 
of the i^rata* in diis fifft, and perbapo mofi: 
impQitant part of the proof from indudion, it 
wiU be found fingularfy defeAivc 

It is fuppoftd that the materiab of the& ftrata 
have been depofiCed fi^om water in a loofe or du 
vided ftate. From fuch a dcpofition it i& not 
ataU dif&alt %q coneeive that beds^br layers, 
parallel td each other/ might be formed : And 
if it Vpere admitted that thefe materials could be 
confoiidated merely firoiii the exertion of tihe 
po^i^er of aggregation bet we«i their partidesi, 
their original arrangement might be ptdervedt 
and their fnhfequent elevation by an expanfiv^ 
pQver would pi^oduce the general appearance) 
which the ftrata anally exhibit. But hi the' 
HutCpnian fyftem it is maintained^ that no con^ 
folidation j:^n arife from Aieh a caufe ; it can 
be accompliihed only by fufion, either partial 
6t complete. Now, by fuch a fujfion, it is ob- 
vious that the original divilion of the depofitea 
into beds or ftrata, muft be completely fubvert« 
ed ; fox each is rendered fo foft or fluid as to 
become homogeneous, and capable of yielding 
to preflure ; and no caqfe is pointed out how 
this fluid or foftened mafs is again to be formed 
into diftind ftrjita. This important objection 
may be illiiftrated by a few examples. 
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SluidfloRe is found in bods or ftiata off very 
tiiS^nt d^grses of thiekpcTs, gencralljr hod* 
costal In thdr pofltfon,- ov fomewhat inclined. ' 
Thele are Aippefed by the Huttonian geologic 
to have been formed from matter depofited 
firon the ocean, and foftened by fubterraneous 
heat. But let him explain by what caufe in 
theip fnbfequent confblidation they have been 
formed into dlftind ftrata. It may perhapa be 
faid to arife from the contradion of th^ ipafa in 
cooling ; and this appears to be the folution 
whieh the author of the theory gives : *^ The 
'< oontrodion of the mafs confolidated by fiifton, 
^ or the eSSsd of fire, is the caufe of thofe na- 
<*• tural divifions in the ftrata*."^ But why, it 
may be aiked, are the rents horizontal ? the di« 
Todtion of all others the moft unfavourable, from 
the gMvity of the mafs ; and why do they pre- 
ftrve this diredion with fo much regularity to 
to great an extent ? Thefe cireumftances clearly 
prove that the parallelifm of thefe ftrata is that 
which they originally had from their depofition 
from water. Between the different flrata there 
are alfo often interpofed thin layers of earth or 
clay, . a proof that they had been formed fhc- 
^efflvely, and that on each of them, fubfequent 
to its formation, this earthy matter had been, 

* Theory of the Barth, toI. ii. p . 56. 
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dcpofited ; that the whole had not been redu- 
ced into a foft or liquid mafs, which on cooling 
had fplit into horizontal beds, but that the ori* 
ginal ftratification had been preferved. 

This is even admitted by Profeflbr Playfair : 
** In beds of fandftone nothing is more frequent 
** than to fee the thin layers of fand feparated 
** from one another by layers ftill finer of coal- 
" ly or micaceous matter, that are almoft ex- 
^^ a£l]y parallel, and continue fo to a great ex« 
•* tent, without any fenfible diminution. Thefc 
^^ planes can have acquired their parallelifm on- 
•* ly in confequencc of the property of water, 
" by which it renders the furfaces of the layers 
** which it depofites, parallel to its own furface^ 
" and therefore parallel to one another *." But 
if this be admitted, the difficulty occurs in its 
original force. If the fandftone has been con-* 
folidated by fufion fubfequent to its arrange- 
ment, how have thefe divifions remained diftind, 
and preferved their exaifl parallelifm ? and how 
has the interpofed clay efcaped confolidation ? 

Precifely the fame difficulty occurs in the 
primitive ftrata, which, thougd now vertical, 
have, according to the Huttonian geologift, been 
originally horizontal. No particular fad could 
be feleded more forcible in illuftrating this dif- 

* lUuftrations, &c. p. 44. 
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ficultj, than one dated by Mr. Play&ir : ^* In 
'* the micaceous and talcofe fhiili, thin layers 
** of fand are often found interpofed between 
** the layers of mica or talc. I have a fpecipien 
*^ from the fummit of one of the highefl of the 
*^ Grampian mountains, where the thin plates 
** of a talcy or afbeiline fubftance are feparated 
*• by layers of a very fine quartzy fand not 
" much confoUdated*." Thefe kinds of Ihifti 
having more or lefs of a cryftalline texture, 
muft have been nearly, if not completely, fufed, 
as is indeed allowed, and even fuppofed. How 
then have they remained divided into thin lay- 
ers, the parallelifm of which is preferved with 
more accuracy, and to a greater extent, than 
even in the fecondary ftrata ? Or how has the 
fand, interpofed between thefe layers, ef^aped 
perfed confolidation ? If it were equally fufi- 
ble with the fhiftus, or nearly fo, it is obvious 
that it ought to have been vitrified or aglutinat- 
ed, and of courfe perfedtly confolidated. If it 
were lefs fufible, it is not lefs evident that it 
ought to have been * imbedded or cemented in 
the fufed fhiftus. Thefe ftrata are fuppofed to 
have been originally horizontal. Suppofe the 
firft.or undermoft ftratum cofifolidated, over this 
has been depofited a layer of fand ; the forma- 

* lUyilrations, ^c. p. 167. 
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tibd of bnt>Afe^ftrataIil lof fhiifais bffufioii, took 
t>ke(fe abote this : But it is eytdcnt that the 
itAtHer <>f this ftrfttam, fufed ot fofiteiied, tnuft 
hy it6 itibre weight have enveloped the pbrticles 
bt fafid beneath it ; and when we tefledt on the 
ibcceflkm of diefe layers, the difficolty is lAtach 
ifi^ttlifed : the faetit exerted dn the undeiteoft 
feyeft DMift have been inteafet and the |>reflure 
%i^oii thefe at the fame time greats On no fay- 
|»dthi&, therefore, agteeable to the Huttoniati 
theory, could iand, loofe or little oonfolidat- 
^d, b^ found between thetn, noir ban the dt- 
vifiob tf th^fe layers tihemfelves be esplamed. 

If we tDonfider this difficulty ilnth regard to 
itota <of differ^t kinds altematiug with each 
t^hel') the argainebt will be found to gbin^ if pof- 
fibk, in force* fiy what caiife have the divi- 
^ns between tfaefe d^erfcnt ftrftta been produ- 
ced ? The fuppofition of facceflive fQMHiti6n, 
Which in the Neptunian theory fiiUy accounts 
for fuct) an airangement, can in th6 Huttonkn 
have BO plaice. Let ub fiippofe cbatter to be de« 
jlpofited) fiifed nr foftened, and confolidatied, how 
il another ftratum of a different kitid 6f matter 
tb be fonned above it ? Materials for it might 
be eoUedied, but thefe« according to the theocy, 
eaDli^t be confolidated without heat« The heat 
neceflary for this purpofe being applied from be- 
neath, mud operate with jftill mote force on the 
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AiBtuiii on which chefe loofe mMetiais lie, and 
in innumerable cafes mud completely fyfe it, 
£>nce in the various pofitions and alternations 
io£ the fttata, the lefs fufible arts often placed 
over thofe Which are more eafily fufed* Thejis 
is n6 provifion therefore made in thiB fyftem Sx 
the formation of a number of ftrata fil|»erin- 
cumbent on each other* The upper ilratufti 
canotl^t have beem laft formed, becaitfe the heat 
pecefikry for its confolidation mUft have fufed 
thcfe beneath, and the materials of it would of 
coiir^fink* dnd be imbedded in the fufed matter, 
befbite they could be confolidated : The under 
firatum cannot poffibly have been Ibnaed, end 
raifed fo as to be applied precifely to the one 
above it* smd this through an extenfivd ferie$ : 
And kftly, the formation cannot be fup^iofed to 
be fimultaneous, for no caufe can be given why 
by the hecefiary degree of heat the whole &ouid 
not have been homologated, ot how they fliould 
afti^rwards have feparated into difttiid hori^osw 
tal ftcata of the greateft extent, of dfSerent m^h 
tertali», and of various degrees of fufibiiity bnd 
ftates of ii^duration. 

In e!S:aminiiig the ai3:ual po(i(aons and c^Mf- 
tie£Hons of tiie ftrsura^ thefe difficulties might be 
abundantly illaftqrated ; but to avoid a tedious 
diTcuniot), it may be fufficwit to Aetke tmly « 

I4 
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few of thefe in which they are placed in the 
cleareft light. 

No alternation is more frequent that that of 
calcareous and argillaceous ftrata. To account 
for their confolidation, the Huttonian fuppofes 
them to have heen in a fufed or foftened (late ; 
but if they ever were in fuch a ftate, they muft, 
from the attra£lion between the earths coropof- 
ing them, have combined, and an entire homo- 
geneous mafs, not a number of diflind alternat- 
ing ftrata, mud have been formed ; or at leaft 
where they were contiguous, they muft have 
united, and every trace of the original ftratifi- 
cation have been obliterated : yet fo far from 
there being any union of (his kind, the line of 
feparation is perfeftly diftinft, frequently fo 
much fo that they are not in firm adhefion. 

Another alternation extremely common is 
that of limeftone with argillite, the alternation 
being continued through an exteniive feries. 
One of thefe muft be lefs fufible than the other; 
and as they alternate, it is a matter of perfedt 
indifference in the argument which of them is 
fuppofed to be fo. Let it be fuppofed, as is pro- 
bably the fa6l, that the limeftone is the leaft 
fufible : A ftratum of it may be confidered as 
commencing the feries : on it the materials of 
the argillite have been depofited from the ocean, 
gnd as thefe are fuppofed to be more fufible 
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than the limeftone, it is poffible that the central 
heat may have operated through the latter, 
without fuiing it, and have confolidated the for- 
mer. But above this ftratum of argillite is an- 
other flratum of limeftoQe. How could it have 
been confolidated ? By the fuppoiition made, the 
argillite is more fufible ; the central heat could 
not therefore operate through it, fo as to confb- 
lidate the materials of the fuperior limeflone 
without fufing it, and from this fufion the ma- 
terials of the limeilone ought necelTarily to have 
been imbedded in the argillite. And when we 
confider that an alternation of this kind is often 
found in an extenfive feries, by which both an 
intenfe heat and a great preflure mufl have been 
exerted on the lower parts, it is obvioufly im- 
poflible that thefe different firata could have 
been confolidated by a central heat, fo as to be 
kept diftind. 

Strata of rock- fait are fome times covered by 
ftrata of fandftone, or limeilone. The Hutto- 
nian geologift muft fuppofe that this fandftone 
has been confolidated by the central heat ading 
through the rock-falt below it. But this is . 
plainly an impoflibility. The fait is a fubftance 
comparatively very fufible, as it can even be 
volatilized by the heat of a coarfe pottery fur- 
nace, while fandftone is very infufible. The heat 
neceflary therefore to foften fandftone, in this 



^frfition) iiittft lia^e aeked tfie fait belfeath { «Ad 
IS this latter fobftainci is of a nmch inferior fpa- 
cific gravity, tfi»&adftoli6 muft havt funk ki 
it, and thi^ arrangement obfelrved in natme could 
nerfer have been t)roduced* 

LaStiy^ we^ find in inntiififerable i^fes ftraC^ 
xbore knpbrfediy confoHdated than others abore 
them^ and of coutfe Aether removed frofii the 
codfoHdkting poller, though the differetice can- 
aot be aferibed to any difference in the fufibUily 
sf dbe fubftances coftipofing thefll% An ex^istijple 
mil ptace tfah in a clear Hght. I<i ^ fedion of 
the vftrata at NeWcaftk, tx)al is found at the 
nSeptfaidf toa feet. Over it is a bed of black 
ti^f 13 feet thfidk, with isaf reffions of ferns in 
4ks fubftanae $ above tlu^, another bed of harder 
iday 16 fievt m thickne£i. The ilrattioi incuoi- 
jsient on this is a liard ^uartaofe iaJndftoae, with 
fpecks of mica, 25 feet thick ; and this is a£«iti 
obvisred by clay. Noiw boW^itld thi^ ^odftone 
hSiVt bettk confolidated by tte fubttrranean 
imstt^ while lb maftiy feet of day beneath iu atid 
xif caiirfemisarer the opetattod of that ii^at, had 
.not isven been indnr&ti^d ? W^ may pronowioe 
ix iiall)9offible that it fhould be foJ Nor is the 
€l2can)|>le oncotninon : tbete at« mtay fimiJAc to 
iU and tirsn tefs favourabfev ^s the baliks of ck^ 
esAend (o .to» iCo^ or mom fktfaoin^ M thick- 
Wsi^ith pet&iftly x^o^lkiated fefidftone above; 
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and tbk is diycrfi&ed trkh altcraaliotti of lime^^ 
(tone, gypfum, coal, and a Jgreat Vacietjr of othor 
fecondary ftrata. It is not poflible to conceive 
as (snangem^nt wtiich laSore dtariy todiefctes 
tfaek origin, tluit thefe ire fucceffivi dt^ofi- 
ticms from watbr, "taryini; in their confoiidtN 
tion« frocn die difiertnt fotiti of Aggregati^asi- 
leftbd bdtwien tfte p&ttides of etch ; and thtft 
thty bare fqfierod no ottMsr ctengc to febwet 
or modify their otigiAal Aratifkatt^ta. CoQld 
the Huttonian gcologtfts briftg forward fil6tl fo 
foncil^ie agatnil the Nepcuniail tilaoty^ it in^[ht 
juftify the triumphant tone in whith tfaej have 
fometimbi conduftled the controVeriy^ 
. The ttuth isv that ti» Hiittonian theory has 
in Urn part tacitl/ aflumed th^ ekplatiation 9f 
the Neptuirian fyftem^^-^that ftratificatioH is the 
^£k&, of fiiceeiGTe -depofition from l^ater* NOr 
has it been .obferved, that the aSUoipltiQti is oh* 
vioufly incompatible with itspcisclplos ; fin06 by 
•the fttbfeqaent fuiioit, thfe otigidal armflgemeilt 
muft have been deflroyed. The adnal pofitions 
of the ftrata are aHb totally irreconcikble witli 
the notion of their coafohdatiod having htoa 
ef&^ed by fnfion, as is evident &om tht inftaa-* 
oes pointed out ; the Huttonian fyftem there- 
fore has the fiogiilar infelicity of fatliisg to ao- 
cbuhtfor the &rll and moil important of all the 
fads wiiich are the iubjed of a theory of the 
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earth, — ^the general ftratification of the matCi^ 
jrials at the furface of the globe. 

It remains to confider the explanation given 
in the Huttonian fyftem, of the appearances of 
the uNSTRATiFiED ROCKS. Thcfe are principally 
granite, and the different varieties of porphyry, 
bafalt, trap or whin, folBls, which, befides their 
common charader of in general not being ftta« 
tified, graduate into each other. 

It has ufually been believed by geologifts, 
that the principal rocks of this clafs are the moft 
ancient in the globe. Granite, in particular, is 
confidered as the bafe on which all others reft.; 
and therefore as of prior formation to the others. 
Dr. Hutton holds precifely the oppofite opinion, 
that thefe rocks are of lateft formation, or po* 
fterior to the ftrata, whether primary or fecond- 
ary, which are incumbent on them. 

The formation of thefe rocks, fn the Huttonl 
ian fyftem, is afcribed to the eruption of melted 
matter from the internal parts of the earth, a- 
mong the fuperincumbent ftrata. It is conceiv- 
ed, that, by the fubterraneous heat, which is al- 
ways active, an immenfe quantity of matter is 
kept in a melted ftate ; that where the expanfive 
power of this heat is increafed to a certain point, 
the fuperincumbent ftrata are heaved up, and a 
portion of this melted matter ejeded ; and that 
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this, when confolidated by cooling, forms gra« 
nitc, porphyry, bafalt, or trap, according to the 
compoiition of the matter which has been in 
fttfion. 

The arguments for the igneous origin of thefe 
rocks, from their properties, are afterwards to be 
confidered : At prefent we are to notice thofe . 
drawn from their pofitions. 

The principal one of this kind, and on which 
much is faid by the defenders of the Huttonian 
theory, is that of veins of thefe unftratified 
rocks, at leail of whin and granite, running into 
the neighbouring Ilrata. It is admitted, that 
veins are pofterior in formation to the ilrata in 
which they are found ; and this appearance, 
therefore, of veins of whin and granite enter- 
ing thefe ftrata, prove, that the former have 
been lad formed. It is fuppofed, that the mat- 
ter of thefe had been injeded, when in a fluid 
ftate, into rents and cavities of thefe flrata, and 
when confolidated, had given rifp to thefe ap- 
pearances. And, as thefe >veins often proceed 
£rom immenfe mafles of whin or granite, or ar^ 
connected with them, it feems to follow, that 
thefe mull have had the fame origin. 

Thefe phenomena are explained by the Nep-> 
tunift, from the fad:, that granite is of different 
formations. In the Wernerian theory, granite 
is confidered as the rock to which the title of 
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PrimHfTe moft ftnAljr beloo^, m InSing ^iei 
in formation to ^eifs, micaceous fliiftas, and 
othersof the &me clafs. fittt, akhoogh its po* 
fitions with regard to thefe firata generallj indi* 
cate it to be ft, jet in particular inftances we are 
compelled to admit that it has been of later for- 
mation. Thus it is fometimes found, that a ftia- 
tum of granite is incumbent on thefe other 
rocks, or alternates with them, which proves 
that it mud have been pofterior to diem in fbr* 
mation. Specimens have aUb been found of 
^nite, in which are contained pieces of gneift, 
and even argillite, a demonftralion of the fame 
faA« This diverfity in the times of formation 
of thefe rocks holds indeed with refped to them 
all« When it is ikid that* granite is older than 
gneifs, and gneifs than micaceous fhiftus, it is 
not meant that it is univerfallj fo, but only ge« 
nerally, and not without exceptions, in each or- 
der of thefe rocks. This being eftabliflied, the 
phenomena of granite veins penetrating the 
othe;: ftrata, are eafily explained ; it belongs to 
the clafs of fads now flated, which prove, 
that, in fome cafes, granite is of later forma- 
tion than the other rocks named Primitive. 
According to the Wernerian theory, veins were 
originally fiflhres in rocks or ftrata, which hap- 
pened while thefe were ftill covered with water 
holding certain matters in folution, and were 






filled hy tbefe mtttejrs being depofited m crf^ 
fialiiMd. It is ponceired, therefore, tKat, in thit 
mamiar, granite may hate beeo introduced int6' 
fifforcs of the primitive ftra:ta. 

Prafefibv Plajfidr has obferved, that this di- 
ftinAion between granite of earlj^ and that of 
recent formation, is purelj hypothetical. « It 
^ is/* fliys he, ^ a fidion, contriyed on piKpefb 
'^ to reconcile the faA here mentioned with 
the general fyfteni of aqueous depofition, ^pd 
has no fupport from any other phenomena *J^ 
Fiom the fa6b above flawed, it will be obWeus, 
however; that it it rathto a direA inference from 
phenomena } and the reafbning by whieh It h 
deduced is Afi&ty analogous to that by which 
other geological conelufions are eftahlifhed. 
• In all veins there are obferved undoubted marks 
of. different dates of fornration, both with re- 
^£1: to each other and t^ the ftrata ; and there 
are no grounds for fuppofing that granite veins 
are an exception. The ailjimption, that the gra- 
nite in mafs, and that in veins, are the prodoe- 
ti^ns of different periods, is fupported by other 
&As than thpfe from which it is deduced ; thus^ 
it is obfetved, that in many cafes, the granite in 
veins is different in its properties from the other. 
Nay, this point may be determined by an ap* 
peal to the authority of Mr Play fair himfclf. 
He admits, that whinftone, into which granite 
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graduates, and which belongs to the fame clafs 
of rocks, is of different formations : " Thefe un. 
•* ftratified rocks, diftinguifhed by the name of 
" whinftone, are not all the work of the fame 
•• period ; thcjy differ evidently in the date of 
** their formation ; and it is not unufual to find 
*' tabular mkfles of one fpecies of whin inter* 
" feded by another *." Now, as this is admitted' 
•. with refped to whin, the probability of its be- 
ing the fame with refpeA to granite can fcarce-^ 
ly be denied, fince, in the Huttonian fyftem, 
thefe two fpecies of rocks are believed to be 
formed in precifely the fame manner. Not 
only is there this prefumption, but the very 
fad which is ftated by Profeflbr Playfair, as 
proving the different formations of whin, is true 
with refped alfo to granite. It has often been 
obferved, that ffrata of granite are interfe&ed 
by veins likewife of granite, which are diftin- 
guifliable, howeVer, from the rock in which 
they run, by being of a different colour or grain. 
All veins are admitted, by every mineralogift, 
to be pofterior in formation to the ftrata through 
which they pafs ; and, from Mr. Playfair's own 
reafoning, which, in this cafe, is perfedUy juft, 
this fa£t muft be admitted as decifive proof, that 
thefe granites are not the produdion of the 
fame period. 

Granite, therefore^ it may be confidered as 

* lUuilrationSi p. 8j,' 
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nroved, is of different formations ; and the ad- 
mifiion of this propofition afibrd$ a folution of 
the phenomenon of granite veins, to which there 
is no objedlion. 

The fame folution may be given of the veins 
of whin found in ^the ftrata ; as it is admitted to 
^have been formed at different periods, it is evi- 
dent that thefe veins may be accounted for from 
its being of recent formation. 

It has 'been ftated as an argument in favour 
of the igneous origin of thefe rocks, that where 
they come in contact with the ftrata, or Where 
veins of them penetrate thefe ftrata, the latter 
are indurated at the point of contact. This is 
obferv'ed particularly in whin, and it is confider- 
ed as a proof of the whin having been introdu* 
ced in a melted fiate, and having, by its heat^ 
confolidated more perfectly the matter of thefe 
ftrata. ** Whether fandy or argillaceous, they 

are ufually extremely hard and confolidated ^ 

the former, in particular, lofe their granulated 
^* texture, and are fometimes converted into 
** perfedl jafper*.'^ » 

Thefe, and other alterations which the ftrat;^ 
fuffer, are afcribed,*by Werner, .to the adion of 
the folvent filling the vein. This will percolate 
to a certain extent through the neighbouring 
rock, and, ^ by adiing chemically upon it, as 

• Illuftrationi, &c. p. 73. 
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Werner fuppofes, or perhaps by depofiting part 
of the matter it has in folution, may alter it« 
appearance and properties. Thus, in the pre* 
feht example, if, into a fifTure in a ftratum of 
fandftone, the fluid, holding the matter of trap 
in folution, were introduced, it would percolatq 
to a greater or lefs extent through the fandftone, 
l^trhich is generally porous, and the matter de« 
pofited in the fandftone by this percolatiou 
might give it the hardn^fs of jafper* Jafper is 
precifely fuch a foffil as might be expeded to 
originate from an admixture of this kindj as it 
coniifts of filiceous, with a large proportion o£ 
argills^ceous, earth. 

This explanation, ^s an hypothefis, is fuf5«* 
ciently probable, and the great proof ths^t it is 
juft, is, that thefe alterations in the neighbour^ 
ing rock are frequently fuch as the Huttonian 
theorifl cannqt explain, on the fuppofition dT 
the matter of the vein haying been in a fufed 
Hate, and having a(3;ed by its hc^t. They are 
not always induration, but often a chi(nge pre* 
cifely the reverfe. Thus, when veins run through 
granite or gneifs, the felfpar is often changed 
into kaolin or fine clay, as it is by expofure to 
liir and moifture ; the mica is alfo decompofed, 
ftnd in fiennite the hornblende, fo that in the 
latter a green friable earthy matter is proxluced« 
^^ l^b^t mountain of Schar(enberg is o^ ire4 S^y 
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** nite, very hard, and of an equal grain ; it is 
" traverfcd by metallic veins, of which the gaU'- 
•* gw is white or reddilh quarlz, calcareous fpar, 
•• and white clay. The granite is commonly 
•* much decompofed along the fides of the veins ; 
" neither its felfpar nor mica are to be found ; 
•* thefe two fubftances are fupplied by a grey 
" clay, and a green earth, of the nature of flea- 
** tite : this decompofition extends ten or 
" twelve inches on each fide of the vein ; be- 
*• yond this the granite refumes its ufual ap- 
** pearance. Sometimes a ftiiftofe rock is chan* 
♦* ged into a foft clay, which forms a border 
•• fome inches thick along the fides of the 
«* vein *,'* 

It is obvious, that thefe are changes precifely 
oppofite to what would have been produced by 
heat, while they are fuch as might have origi- 
nated from the percolation of a fluid, and are 
thofe, indeed, which are produced by expofure 
to moifture. If we fhould, therefore, refer the 
change produced by veins of whin on the ftrata 
of fandftone to a different caufe, we fliould at 
once lofe all unity of theory, and relinquifli a 
principle capable of affording a fatisfadlory ex- 
planation. The appearance in fandftone is one 
which may juftly be afcribed to the fame caufe 
that has produced the change in the granite or 

* Journal de9 Mines, No. zviii. 8^< 
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gqeifs ; and its particular nature' may be aforibed 
to the peculiar adion of the percolating .fluid/ 
and the nature of the fandftone itfelf. The con-* 
tjrail between the two hypothefes is evident : the 
Wernerian explains from one principle all the al- 
terations in the rpcks contiguous to veins ; the 
Huttoniaq explains only onefpecies of alteration, 
while there are others not only ine:{(plicable9 but 
inconfiftent with the fuppofition by which that 
me is folved. 

In fon^e c^fes alfo it appears that the forma-* 
t|on and filing of veins have been nearly fimuU 
tan6ous with the confolidation of the ftrata ; and 
in fuch c^fips, Werner has remarked that the 
gan^ue participates confiderably of the nature 
of the ropk, and the rock }n its turn is more 
impregnated with the matter of the vein. If 
this h^s been xht cafe with fome of the veins of 
-^vhin in the i^rats^, the intermixture, and the 
induratipn ariiing from it, I^ight be more comr 
plete. 

The induiratiop which is observed where bed$ 
of whin come in contadl with ftrata of fandftone, 
may be explained on the fame principle ; eithe]p 
fronri the percolation qf the fluid loaded with 
pjjrticles of whin, or from a degree of intermix- 
ture from a formation nearly fimultaneous. The 
fame explanation may be given of the indurar 
tion of fragments of fandftone fometimes foup4 
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in veins of v^hitt^ as thefe are in a fituatbn in 
which this percolation muft have taken place 
to tlte greateft extedt; 

Another fad may be added, which pi^ves 
that this induration muft in all thefe cafes be 
afcribed to fomd fuch caufe : It is, that fandftone 
is often highlj indurated when in contact with 
fubftances where the caufe affigned by the Hut- 
tonian geologift^^the application of a ftrong 
heat, could not have aded. Sandftone much 
indurated^ it is obferved by Mr. Jamefon, is 
often foutid covered by qlay and wacken*: and 
it will not be affircbed that clay, by any heat it 
^ver had, could caufe the induration of the ftra« 
turn of fandftone on which it is incumbent, 
while by the operation pointed out in the pre- 
ceding explanation, fuch an effedl may have 
been produced. 

Dr. Hutton obferved that where veins of whin 
run into ftrata of coal, the coal contiguous to it 
is frequently found changed in its properties. 
" It has loft its fufibility, and appears to be re« 
** duced nearly to the ftate of coke or charcoal:** 
a change which is afcribed to the melted whin 
having by its heat expelled the bituminous mat- 
ter of the coal. The fa£t does not always cor- 
lefpond with this obfervatipn, but is fometimes 

* Nicholfon's Journal, voL ill. 
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^e teverTe. But where it does occur, it majf 
m common with other alterations of the ftratu 
by veins running through them, be afciihed to 
the otperation of the fluid hj which the vein 
was filled* This percolating through the coal 
might be capable of prodacjuDg chaoges io it$ 
compoiition and properties ; it might depofite 
a portion of earthy matter which would rendef 
the coal lefs inflammable : and when we confix* 
der that a fimiiar caufe can occaQoo the de-« 
cpmpofition of felfpar, mica, and hornblcodcrt 
there is no improbability in the £uppofitloa that 
it might carry off, or caufe the decompofitioo of 
the bituminous part of the coal. To either or 
both caufes may be owing the change in the 
properties of that foilil. 

Thi3 hd is important in another point of 
Tiew, as it may probably lead to. a. demionihfty* 
tion of the &lfity of the Huttonian hypothefis* 
The difference between whin and lava is faid 
to be, that the former has been in fa£on under 
an immenfe compreflion, while the latter has 
been in fuiion at the furface ; and this difference 
is (tat^d as the caufe of fome peculiarities in the 
one compared with the other. It is given 93 
the caule of the lava being more or lefs cellular 
or porous, while the whin is folid, as in the latter 
the air had been retained, which in the former 
had efcaped ; and likewife as the caufe of the 



t ns I 

wIhA 6<^taining calcareous fpar, whik tb« Uv^ 
does not, the compreffion prefent in the fuiioii 
of the foriiier having prevented the expuliion 
of the carbonic acid. It is admitted, tberefore^ 
that wherever whin has b^en iii fuQon withont 
this compreffion, it ought to afiume the ptecifd 
chara^ers of lava ; it ought to be more or lefd 
]>orous, and ought, to contain no carbonate of 
lime. Now in the fad above ilated, with re« 
fped to the coal, it is aflbmed that compreffioii 
had not been prefent, as the coal had allowed 
its bituminous matter to be expelkd. It will 
not be contended that compreffion could here* 
flioved from the coal, and prefent on the melted 
whin, at the diftance of a few inches. If there* 
fore any carbonate of lime iQiould be found xA 
the whin in fuch a fituatioh, either in its com- 
pofition, or in a feparate cryftallized ftate^ (and 
the probability is, that it will be found ;) or eveil 
if the whin fbould^not differ fomewhat in its ap« 
pearance from common whin, and approach to 
lava, . we fhall obtain uoanfwerable demonitra<- 
tion of the falfity of fome of thofe fuppoiitionsi 
which conflitute the Huttodian theory. 

Again it is ilated, that " the dilturbance of* 
** the Itrata, wherever veins of whinflone a- 
" bound, if not a dired proof of the original 
** fluidity of the whinftone, is a clear indication 

K 4 



" of the violence t^ith which it was introduced 
•* into its place ^.*' 

But that fuch apf)eafances are not efief^s ne- 
celTarily produced from the intafion of the ftrata 
by ftteams of mehed whin, and do therefore not 
indicate fuch an invafion, is proved by there be* 
ing frequently ne ligns of diiturba nee whatever 
accompanying veins either of this rock or of 
granite. Veins of whin traverfe coal without 
any diflbcation of the bed of coal ; and veins 
of granite arc often unaccompanied by thefe 
. marks of violence which might be expedted 
from its irruption irito the neighbouring Arata. 
The abfence of thefe in many cafes affords an 
argument at lea(ft equivalent in force to their 
prefence in others'; and indeed, even where 
they do occur, it is admitted that they do not 
prove the original fluidity of thefe malles. 

In the Neptunian fyftem there is no difficulty 
in explaining all thefe appeaftnces, and fome of 
them are even ftated by Werner as proofs of 
his theory of veins. According to that theory, 
the fiflures in rocks and ftrata, which, when fub- 
fequently filled, form veins, have in general 
arifen from an unequal fubfidence of the rock 
in which they are found, one part of it from a 
difference in its height, in the materials compof- 
ing it, or in the want of fupport from contiguous, 
rocks having funk more than the othen It is 

* Illuftrations, &c« p. 74. 
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obvious, therefore, that the rock on the oneiide) 
of the fiflure produced by fuch a caufe, will be 
lower than the rock on the other, and hence 
the ihifting of the ftrata obferved by the fides 
of veins. Thefe finkings of the ftrata, producing 
fuch fiflures, have alfo taken place at various 
times, as is proved by feveral fadls in the ap- 
pearances of veins, particularly by that of one 
vein croffing another j and from this circum* 
fiance the difturbances fometimes prefent are 
eafily accounted for. If after a vein was formed, 
a new fubfidence had taken place in the rock 
in which it was fituated, it is evident that diflo- ^ 
cation, both of the vein itfelf, and of the conti- 
guous parts, muft have taken place to a greater 
or lefs extent. ' 

It is to be obferved alfo, as a fad highly fa- 
vourable to the Neptunian theory of thefe dif^ 
turbances, that the fiflures where thefe flips or 
heavings of the ftrata take place, are frequently 
filled with fubftancesj fuch as foft clay or fand, 
which cannot be fuppofed to have been ejedled 
with any projedile force, or to have produced 
any alteration of the exifting arrangement by 
the violence of their introdudion. 

It is further ftated, that when whin is found 
interpofed in tabular mafles between beds of 
ftratified rocks, ** it is not uncommon to find 
" the ftrata in fome places contiguous to the 
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" wWfi, elevated, and bent, with their concavity 
*• upward, fo that they appear clearly to have 

been aded on by a force that proceeded from 

below, at the fame time they were foftened, 

and rendered in fome degree flexible *•** An 
appearance of this kind, however, might eqtKilly 
be produced from the fubfidence of certain parts 
of the ftrata while they were foft and yielding^ 
as from the elevation of other parts of them j 
and confequently, fuch an appearance affords no 
certain indication of the nature of the caufe that 
has operated on them. 

The laft argument, from the pofition of Vrhin< 
is thus flated by Profeflbr Play fair: " If it be true, 
*' that the mafies of whin thus interpofed among 
'* the ftrata, were introduced there after the 
** formation of the latter, we might expeA to 
*• find, at leaft in many inftances, that the beds 
** on which the whitiltone refts, and thofe by 
** which it is covered, are exadly alike. If 
" thefe beds were once contiguous, and h^ve 

been only heaved up, and feparated, by the 
•• irruption of a fluid mafs of lubterranepus la- 
•* va, their identity fliould ftill be recognifed* 
•* Now, this is precifely what is obfervea ; it is 
•♦ kno^vn to hold in a vait number ot imtances, 

and is ftrikingly excmplifieJ in the rock of 

Saliibury Craig, near Edinburgh. 

* Illuftrations, &c. p. 7j< 
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•* The ficnilarity of the ftrata that covet the 

^ maffes of wbinftone, to thefe that ferve as the 

^* bi^# on which they reft» and again, the diffi* 

^ milarfty of both to the interpofed mafs, are 

** fads which I think can hardly receive any 

'* espknation on the principles of the Neptu« 

^ man theory. If thefe rocks, both ftratified 

'^ and unftratified, are to be regarded as pro^ 

^^ daAions of the fea, the circumftances would 

^ require to be pointed out which have deter^ 

^ mined the whinftone, and the beds that are 

** aU around it» to be fo extremely unlike in 

*^ their ftrudure, though formed at the fame 

•• time, and in the immediate vicinity of one 

*^ another : as alfo thofe circumftances on the 

^ other hand> whieh determined the ftratified de-« 

^ pofites, above and below the whinftone, to be 

** precifely the fame, though the times of their 

" formation muft have been very different* The 

** homogeneous fubftances thus placed at a di* 

^* ftance, and the heterogeneous brought (b 

" clc^ely together, are phenomena equally un- 

'* accountable, in a theory that afcribes their 

*♦ origin to the operation of the fame element^ 

^ and that neceflarily dates their formation ac« 

^ cording to the order in which they lie one 

•* above another*.** 



- I'he argument is here ilrongly fluted; hut 
^ boththg is more eafy than to (how that it is 

equally conclufiyeagainft the Hsttonian theory; 
that the difficulty which is urged is a particular 
example of ode more general^ which is common 
to both/ In the view which is prefented to u&, 
our attention is confined to the alterriation of 
whin with the ftratified rocks ; but all that is 
faid applies with the fame force to the alterna- 
tion of the ftrata with each other4 Thefe, ac- 
cording to both theories, are formed in the fame 
manner ; and the general difficulty prefentaf 
*' atfelf, how we fhall account for a flratum of a 
, ^ particular kind being formed, for the formation 
jof it being interrupted, while one of a dif- 
ferent kind is produced above it j and for the 
formation of the firft being again refumed, fb 
that it fhall be precifely limilar to the one beq- 
ueath , though it is cut off from all communica- 
tion with it^ by the ilratum of a different kind 
"^y^ . .which is interpofed. This will be rendered 
evident by an illuftration : Among the vertical 
ilrata, micaceous fhiflus and flate frequently al- 
ternate' with each.other; according to the Hut- 
tonian theory, thefe, previous to their elevation, 
were in a horizontal poiitibn; the micaceous 
ihiflus, fuppofe, is undermpft, and muft have 
therefore been firft formed ; over this is the 
flate i and again, above this^ is the micaceous 
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ihiftus, the fame as beneath. In this eafe, it 
cannot be fuppofed that the flatc has been in* 
troduced in fulion between the two ftrata of 
Ihiilus, for there is frequently an extenfive ferios 
pf akernation^,^nd both of thefe rocks are con^ 
fidered) even in the Huttonfan fyftem, as ftcam 
tified, and of the fame formation. We have 
here, therefore, the difficulty which Profeffor 
Playfair fo ftrongly urges, of accounting for 
the fimilarity of ilrata between which another 
is interpofed, and the diffimilitude of thofe tp 
this interpofed mafs. In the ftrata which re^ 
main horizontal, the cafe is precifely the fame. 
An alternation which not unfrequently occurs, 
is that of limeftone with argiljiite. The ilrat^ 
of limeftone, between which the argillite is in- 
terpofed, are alike in their properties ; yet it 
will not be fuppofed that thefe ftrata have beea ' 
divided, by the argillite having been introduce^ 
between them in fufion. They muft be admit?* 
ted to be of fucceffive formation; and the ar- 
gument of the learned Profeflbr may, in this 
cafe, be direded with its full force againft his 
pwn fyftem ; for, if they have been formed in 
the fame manner, as is admitted, what caufe cap 
have determined the formation and depofitioQ 
pf the argillite, between the formation of the 
(Irat^ of limeftone? pnd bow fhould thefi; i^ttfir 
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be alike, when the times ef their formation 
SDuft neceffarily have been different ? 
The force of this objection can now be ap- 
f preciated. If the fimilarity of ft rata, feparated 
by interpofed mafles of another kind of tock, 
were confined to that patticular eafe wfaeite whifl 
is the interpofed fubftance, the argument thence 
derived in favour of the Huttonian fyftem wotdd 
be of fome force : But the phienomena h muck 
tnore general ; it is equally obfervable id tht 
ulternations of ftrata, whether primitive or fecon'- 
dary, with each other ; and the Huttonian fyf- 
tcm can in fuch cafes afford no explanatioa 
more fatisfaAory thaf^ the Neptunian, of the li« 
tmiiarity exifting between the feparated ftrata, 
and the diffimilarity of thefe to the ftratum inter*, 
pofed between jhem* It muft not be forgot«- 
len that thofe indudions, which conftitute ou^ 
theories, cannot in every point be complete} and 
appearances muft frequently be found which, 
from our imperfed knowledge, cannot be fully 
explained. The prefent is one of this kind. 
Whether we afcribe the formation of the ftrata 
to the fole agency of water, or to the operaition 
of fire, we Ihall find it equally difficult to affign 
precife caufes for the total difference in nature 
of contiguous fofiils and rocks, which muft have 
been formed at nearly the fame period, or for the 
feri^s of alternations which they obferve witlv 
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refpe£l to each otber. Werneir eoBfiden fucli 
fads as proofs that the origkiid or chaotic fluid ' 
had, at different perbdi, held difTerent fubftances 
in f(^tion» and that from this had origifiated 
the fucceiSve ftrata of difiereot kinds. Thci 
iame folution too might fuccelfively afford de« 
pofitea of different kinds, according to the affi« 
nities that had been exerted having bfeen varied 
by the very combinations taking place. 

This alternation of the itrata leads to the con^ 
fideration of a point of much importance in ge- 
ology ,-^the tranfition of different kinds of rock 
und ftrata into each other. In thofe exampleii 
of alternation, which have been the fubjed of 
the argument now difcuQed, t}ie line of fepara- 
tion between the contiguous mafies is fuppofed 
to be perfedly diftind, as it frequently is ; but 
in many other cafes the tranl^tion is gradual, oc 
the one kind of rock palfes infeniibly into the 
other; and where this tranfition takes plac6 
from rocks of the unftratified into thofe of th6 
ilratified kind, it is a phenomenon which over- 
turns the Kuttonian hypothefis of the formation 
of thefe rocks. 

According to that hypothefis, the ftratified 
and unftratified rocks have been formed at very 
different periods, and even in different modesl 
The former have been firft arranged and con« 
Ibflid^ted, and ^ft^rwards the matter compofin^^ 
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the ktter has been thrown up in a fufed itate^ 
land has invaded the others, filling up every ca- 
vity. According to this view of the fubjedt, 
it is evident tliat the line of diftin£tion between 
them fhould always be well marked. A flight 
alteration might take place in the appearance 
or hardnels of the ftratified rock, from the heat 
of the melted matt6r brought into contad with 
it ; but Uier^ fhould be no fuch thing as an im« 
perceptible gradation or tranfition of the one 

'4 into the other, while, if both are formed in the 
fame manner as the Neptunian theory fuppofes, 
fuch a gradation is hot mojce than what might 
be expeded occafionally to take place. 

This tranfitioo, therefore, of the unftratified 
into the ftratified rocks being fo unfavourable 
to the Huttonian hypothefis, is attempted to 
be denied : " If, in thefe inftances, (fays Mr, 
•* play fair) the gradation were infenfible, asfome 
*' have ailerted it to be, between the ftrata and 
^* thr interpofed mafs, fo that it was impoflible to 
** point out the line where the one ended and the 

. '* other began, whatever difficulties we might 
" perceive in the Neptuniab theory, we (hould ' 
** find it hard to fubftitute a better in its room. 
^' But the truth feems to.be, that, in the cafes we ' 
*^ are now treatii^g of, no fuch gradation exifts; 
*^ and that, though where the two kinds of rock 
^^ come into comad a change is often obferved. 
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**' by the ftrata having acquired ao additional de-- 
gree of induration, yet the line of feparatioii 
is well defined, and can be precifely afcertain* 
ed* This is at leaft certain, that innumerable* 
fpecimens, exhibiting fuch lines of reparation^ 
are to be met with ; and wherever care has 
" been taken to obtain a frefh fradlure of the* 
V ftone, and to remove the effeds of accidental 
" caufes. even where the two rocks are ntoft 
** firmly united, and moft clofely aflimilated, I 
** am perfuaded that no uncertainty has ever re* 
** mained as to the line of their feparation. For 
*^ thefe reafonsy it feems probable that the gra« 
dual tranfition of bafaltes into the adjoining 
ilrata, is in all cafes imaginary^ and is, in 
truth, a mere illufion, proceeding from hafty 
" and inaccurate obfervation *." 

The obfervations, however, by which the 
tranfition of the miftratified into the ilratified 
rocks are eftablifhed, reil on authorities too un« 
exceptionable to be overturned by an afiertion ' 
of this kind. They are eftablifhed on the au- 
thority of Werner, allowed to be the moft (kil- 
ful mineralogift of his age, and whofe obferva-f 
tions, becaufe they run counter to the views 
of the theorift, are not to be termed hafty and 
inaccuratCi or mere illufions ; and they are fup^ 

* llluftrauons, &c. p. 4^. 
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ported by the authorities of Sauflbre, Cbarpen- 
tier, Reufs, and other geologifts of the higheil: 
charader. Profefibr Flayfair indeed, in a great 
xneafure, recalls, in a fubfequent part of his 
work, the afiertion that has been quoted. .' I 
am difpofed," fays he, " to make fome limita^ 
tion to what is faid in § 72, where I have ex- 
*^ preifed an abfolute incredulity as to fuch tran* 
** fitions as are here referred to* The great ikill 
and experience of the mineralogift who has 
defcribed the ftrata at Scbeibenberg, do not 
allow us to doubt of his exadlnefs, though 
^^ fame of the appearances are fuch as decora- 
*t pofition and wearing might well enough be 
" allowed be fuppofed to produce*" The man* 
Hex in which this acknowledgment is exprefled 
fufEciently ftiows the reluctance with which the 
fad is conceded* It is indeed one which bears 
with the utmoft force ^gainft the ^uttonian hy<* 
pothefis of the unftratified rocks, and which is 
but feebly obviated by an improbable fuppo^ 
fition. 

The pbfervations of Werner eftablifliing this 
tranfition, of bafalt into ftratified rocks, are of 
the firft importance, and his reafoning from them 
convincing and juft. ' At, the bottom of the hill 
of ScheibenbeTg^ he obferyes, ** there is firft a 
•• thick bank of quartzy fand ; above that, a be4 
♦• of clay ; then a bed of the argillaceous ftone 
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** named wacken ; and upon this lay the bafalt. 
^' When I faw the three iirft beds running almoft 
** hcmxontally under the bafalt, and forming its 
" bafc, the fand becoming more fine above ; 
** then argillaceous, and at length changing in- 
*' to real clay ; as the clay was converted into 
'^ wacken in the inferior part ; and finally the 
" wacken into bafalt ; — ^in a word, when I found 
^ a perfeft tranfition of pqre fand into argilla* 
" cious fand, of this into fandy clay, and of the 
** fandy clay, through many gradations, into fat 
" clay, wacken, and laftly bafalt, — ^I was irre- 
•* fiftibly led to conclude, (as every impartial 
'* judge, ilruck with the confequences of that 
^'phenomenon, would have been) that the 
** bafalt, wacken, clay, and fand, ^re of one 
** and the fame formation ; they are all the ef- 
" fcft of a precipitation by the humid way, dur^ 
^ ing one and the fame fubmerfion of this coun« 
" try ; the waters which covered it brought at 
*< firft the fand, afterwards depofited the argil, 
** and changed gradually their precipitation in- 
** to wacken, and laftly into true bafalt." 

After again ftating fome remarks, to ren- 
der doubtful, if poffible, the obfervations of 
Werner on thefe tranfitions, which (hew the 
unwilUngnefs with which they are admitted^ 
Profeflbr Playfair propofes an hypothefis, to ac- 
count for them on the Huttonian fyftem : ** 1( 
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** is certain/' fays he, " that the bafis of whin- 
*' (lone, or the material out of which it is pre- 
** pared by the adion of fubterraneous heat, is 
clay in fome ftate or other, and probably in 
that of argillaceous fliiftus. It' follows of 
*' confequencc, that argillaceous (hiftus may, 
** by heat, be converted into whin ft one. When, 
" therefore, melted whinftone has been poured 
" over a rock of fuch fliiftus, it may, by its 
** heat, have converted a part of that rock in* 
*' to a ftone fimilar to itfelf ; and thus may 
" now feem to be united, by an infenfible gra- 
*> dation, with the ftratum on which it is in- 
'* cumbent; and phenomena of this kind may 
^ be expe^ed to have had really happened, 
'^ though but rarely, as a partiular combina* 
f* tion of circumftances, feems neceflary to pro- 
" duce them*.'* 

The conclufions here follow each other with 
great rapidity, as if they were obvious? and un- 
deniable ; yet the whole is a feries of hypothefes 
brought forward to reconcile, if poflible, the 
fad of the gradation of thefe rocks with the 
Huttonian fyftem, but unfupported by any 
proofs, and even improbable in themfelves. It; 
is not proved, or rendered probable, that whin 
is formed by fire from argillaceous (biftiis. On 

* Illuftratioi^e, p. 285, 
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the contrary^ thfe compofition of bafalt is peca- 
liar, as according to the analyfis of it by Dr. Ken- 
nedy, it contains a quantity of foda, which is 
comparatively a rare ingredient in the mineral 
kingdom. Though it were proved, it is not ar- 
gillaceous ihiftus, but unconfolidated clay that 
the bafalt could have come into contad with 
in thefe ftrata 3 and let Profeflbr Playfair endea- 
vour to eftablifh his hypothefis, by converting 
clay into bafalt by the application of heatj 
Nor, laftly, if the eircumftanees were of the 
moft favourable kind ; if even the ftratum with 
which the bafalt was in contact, was actually 
the material from which bafalt could be 
formed ; the heat of the ftratum of fufed bafal^ 
fuppofed to be introduced, could not be fuffici* 
ent to convert a large bed of it into wacken. 
We know that the heat neeeflary to fnfe bafalt 
is very confiderable } we obferve, that at the 
jundiions of whin with the ftrata, there is often 
fcarcely any change, and where any is percept- 
ible, it does not extend above a few inches. 
What eircumftanees, therefore, could have been 
prefent^ which enabled this ftream of fufed 
bafalt to convert, by its heat, a large bed of clay 
into wacken, into which it imperceptibly gra- 
duated. If bafalt, in a ftate of fufion, is capable^ 
by its heat, of converting clay into a fubftance 
analagous to itfelf, it is obvious that the ftrata 



n^hich are id cotitaft with it, fliould always be 
materially changed ; and, above all, if this hy- 
potheOs be true, no fuch arrangement could 
poflibly exift, as a bed of . unaltered clay or 
ffaiftus beneath, and in contact with a ftratum 
of bafalt. Yet fuch connedtions of thefe ftra- 
ta are not unfrequent. Bergman, for inftance, 
ftates an example of bafalt incumbent on thin 
beds of clay or bituminous fhiftus ; and Kirwan, 
and other mineralogifts, mention inftances of 
trap alternating with argilite. The Huttoniati, 
therefore, is reduced to the dilemma of failing 
to account, either for the gradation of clay into 
bafak,^ or the contad of this rock with unaltM- 
^ clay. Laftly, the general gradation 6bferv- 
ed in this mountain is overlooked. It is not 
confined merely to that of the clay int6 the 
wacken, but extends from the fand to the ba- 
falt, through the whole feries ; and it is tranf-* 
greffing obvioufly the rules of juft reafoning, to 
confine the explanation to one part of it merely, 
and afcribe this to a local caufe, or to refer that 
part, to one caufe, and the reft to another. 

Neither is this the only example of the gra- 
dation of unftratified into ftratified rocks. It is 
alfo obferved occafionally in granite ; and is in- 
deed a geological truth, <>t which there can be 
no doubt. In the Neptunian fyftero, as both 
thefe clafles of rocks are fuppofed to be of fimi^ 



lar formation, the phenomenon is not furprifing, 
bat, in the Huttooian hypothefis, it cannot be 
explained. Their formation is ftated to be en« 
tirely different. The matter of the unftratified 
inafs k fuppofed to be thrown up in a fufed 
ftate among the ftrata ; it is applied to them in 
this ftate, and may therefore be united to them, 
but it is in dired contradifUon tofuch a fyilem, 
that the one (hould infenfibly graduate into 
the other. In every hypothefis, a number of 
the phenomena to which it relates, will be ap» 
parently explained ; but if its baik is not in 
trath, there will always be fome which cannot 
be brou^t under it, but (land in oppofition to 
its aflumptions, proving their fallacy. Such a 
faft, with regard to the |urefent hypothefis, is 
the gradation of the unftratified into the ftrati- 
lied rocks ; and fo clear are the indications it 
affords of the origin of thefe mafies, that it is 
with juftice it has been confidered as one of the 
ftrongeft proofs of the Wemerian fyftem. It 
gave a deadly blow to the theory of the VuU 
canifts, and it infli^s one not lefs fatal to the 
Plutonic hypothefis.* 

Another fad fcarcely lefs unfavourable to the 
Hattohian hypothefis of the formation of thefe 
rocks is, that they are not unfrequently, both 
granite and trap, found ftratified. The ftrati- 
ficatlon of granitei both horizontal and vertt* 
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cftl, is eftablifhed by the obfervations of Sauf- 
fiire; and other mineralogifts, and is admitted 
by Mr. Playfair ; yet, as granite, according to 
the fyftera he defends, confifts of matter in pcr- 
fe£t fufion^ thrown up from the central regions, 
we do not* fee how it could have formed any o- 
^her than an irregular mafs, and we might with 
as little reafon expedt to find flratification in it 
as in a bank of lava. 

•This difficulty is attempted to be removed by 

the following explanation. '^ Rocks, of which 

•* the parts are highly cryftallized, are already 

** admitted as belonging to the ftrata, and are 

" exemplified in marble, gneifs, and veined gra- 

** nite. In the two laft we have not only ftra- 

" tification, but a fliiftofe, united with a cryf- 

" tallized ftrufture, and the effeds of depofition 

" by water, and of fluidity by fire, are certain- 

' " ly no where more Angularly combined. The 

" ftratificatioa of thefe fubftances is, therefore, 

*' more extraordinary than even that of the mod 

" highly cryftallized granite. Neither the one 

" nor the other can be explained, but by fup- 

" pofing, that while fuch a degree of fluidity 

'** was produced by heat, as enabled the body 

** when it cooled to cryftallize, the whole mafs 

" was kept in its place by great preflure, adl- 

" ing on all fides, fo that the flaiape was preferv- 

" ed as originally given to it by the fca *." 

* Illuflratlons, p. 336. 
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It is not eafy to difcover what is here meant 
by the (hape originally given by the fea being 
preferved. Granite is fuppofed, in the Hutto* 
nian fyftem. to be matter which has been com* 
pletely fufed in the central regioDs, and erapt«- 
ed ; and if it has undergone thefe operations of 
perfect fufion, and of eruption, it cannot furely 
be imagined that it could have preferved its orl- 
ginal ftratification^ And if it is fuppofed, that 
ftratified granite may not have been formed in 
this manner, but that its materials have bfeen 
fafed in the place where they were depofited, 
the unity of the theory is entirely loft, and two 
hypothefes refpedting the origin of this rock are 
adlually advanced. 

It is befides, impoifible on any fuppofition, to 
believe that matter completely in fufipn, let it 
be fubjedled to what preflure it may, could pre^ 
ierve its original divilion into beds. Z'hat pref- 
fure would not prevent the gravity of the upper 
parts of the mafs from being exerted on the un- 
der, and if it was fluid, this preflure muft have 
obliterated every trace of feparation. The ftra- 
tificatipn of granite, therefore, cannot be ex- 
plained by the hypothefls Frofefibr Playfair has 
advanced. 

The ftratification of trap furniflies an objec- 
tion not lefs conclufive, and perhaps more ftrik- 
ing, as its ftrata are generally alternated with 
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others. Of this a ftriking example has been 
fiated as ^sifting at Habichtfwalde, near Cafiel : 
^ On fecbndary limeiloae are found ftrata of 
^ fand, claj, teacken, and bafalt^ which alter* 
^ nate with each other not lefs than three times, 
•* and always in the feme orden Over the third 
^ ftratam of bafalt is found a thick bed of coaL 
*• which is covered by a quartzofe fandftone, 
^ containing the remains of plants, and petrified 
** wood. Laftiy, on this fandftone are found, 
•* in the fame order as before, ftrata of clay, 
*' wacken, and bafalt; in the fand are found 
** marine fhells ; the ftrata of bafalt have a baf- 
■■ ahicf^ intetmixed with them, containing 
" fragments of bafak, olivin, and vegetable re- 
" xnains ♦.•* Reufs and Dolomieu have alfo ob- 
ferved ftrata of bafalt, alternating with ftrata of 
limeftone. 

The argument which this difpofition of trap 
ftitniihes againft the Huttonian theory, of its 
^irmation, is very evident. It is fuppofed to 
liave been thrown up among the ftrata, and to 
have filled any cavities or fpaces between them. 
fn this manner, it might be conceived, that a 
vock,or mountain of trap, might be formed^* 
But, is it pofiible that it could have formed ftra- 
la alternating with others ? What are the fup- 
-pofitions neceflary to account for fuch aa acu 

* Traate. de Mineralogie par Brochant, torn. ii. p. 609. 
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tangement as that ftated above ? — that a Rnttom 
of Umeftone fhould have exifted, then a bed of 
clay, another of fand, and over this an empty 
fpace, correfponding in fize and diredlion to the 
ftrata beneath ; that this arrangement fhould be 
repeated three times; and that thefe empty 
fpaces fhould have afterwards been filled by fuf« 
ed bafalt and wacken injeAed into them. It 
may at once be affirmed, that fuch fuppofitions 
are inadmiffible ; and that were they made, their 
extravagance would a£ford a fufficient refutation 
of the fyftem that required them. If it fhould 
be faid, that, in fuch cafes where trap is ftrati«« 
fied, it is formed in the fame manner as the other 
ftrata, by its materials having been depofited, 
and foft^ied or fufed ; this is at leaft relinquKh« 
ing the fimplicity of the theory, and propofing 
two modes of formation of this rock. And 
even this facnfice would prove inadequate, for 
the above arrangement in which fand and clay 
alternate with the others, completely excludes the 
operation of fire, and proves that the whole muft 
have been formed by the agency of water. 

Laftly, the remains and impreffions of organic 
fubftances found in trap demonftrate its aque<^ 
ous origin. In this country, in which this rock 
is abundant, fuch appearances are undoubtedly 
rare, and indeed have not been obferved. But 
in other cquntries, they appear to be far from 



C 156 ] 

being uncommon. Werner found in a vein of 
wacken, at a depth of not lefs than 150 fathoms, 
trees, with the branches, and even leaves, pe« 
trified ; and it is dated, on the fame authority, 
that different rocks of the trap kind, contain 
marine fhells, and eVen bones of quadrupeds. 
Nothing can be more obvious, then that fuch 
fubftances could never have beeii contained in a 
fiream of melted matter thrown from the cen- 
tral regions : or if they had even fallen into it 
after its irruption, and while (till fluid, as it is 
fuppofed may have been the cafe, they muft 
have been deftroyed by the fufed matter; and 
indeed the circumftances, in fome of thefe cafes^ 
are irreconcilable with fuch a fuppoiition. 

From this review of the Huttonian theory of 
the unftratified rocks, it muft be evident, that 
it is attempted to be fupported by appearances 
which admit of an equal, and in fome cafes a 
more fatisfadofy explanation, from the oppo« 
fite opinion. The occalional ftratification of 
thefe rocks, their gradations into tht>re which are 
firatified, and their alternations with other ftra- 
ta, are inconiiftent with that opinion, and indu- 
bitably prove their aqueous origin. 



Under this clafs of arguments, may be conii- 
dered thofe drawn from the appearances of 
veins, the fubftances filling their cavities falling 
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properly under the defcription of unftratified 
minerals. , 

Veins are accurately defined by Profcflbr 
Playfair, ** reparations in the continuity of a 
••* rock, of a determinate width, but extending 
" indefinitely in length and depth, and fillcd 
*' with mineral fubftances different from, .the 
" rock itfelf *." It is admitted by mineralo* 
gifts, that thefe veins are fubfequent in forma- 
tion to the rocks or firata in which they are 
found ; and the cryftallized ilate of the fub* 
ftances with which they are conrnnonly filled 
demonftrates that thefe had beep introdt^ped in 
a fluid form. 

The Huttonian theory of veins is, that th^ 
have been formed by injedtion, that the matter 
filling them has been thrown up in a date of 
fufion, and that this fufed matter entering the 
rents and cavities of the ftrata, has confplidated 
and produced mineral veins. 

According to the Wernerian theory, the ca- 
vities of veins have been originally fiiTures in 
the ftrata or rocks, produced while thefe were 
yet foft and covered by the waters, byvatious 
caufes, principally by the unequal finkings of 
thefe mafles at their confolidation, occafioned 
by the varipps denfities of the fubftances CQta^ 

r 

f lUuftratJOiu, p.57. 
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poSag thani and their uhequal elevations, and 
by the diminution of the waters by which the . 
nechanica} fupport afforded to the niountain 
at its fides was withdrawn. The appearances 
Ckf veins are precifely fimilar to what might be 
txpeAed to be the appearances of fiffures produ- 
ced ftomfuchcaufes,as, in their taking a diredion 
approaching moreto the vertical than horizontal, 
in their proceeding without much infledion, in 
the diameter of them diminifhing after they have 
proceeded a certain extent, and in their at length 
difappearing entirely, by the approach of their 
fides, while they generally (Continue open to the 
furface, though of a diminifhed fize« 

Into the fiflures arifing from thefe caufes, the 
$md ftill holding much matter diiTolved, and co-^ 
vering the furface, would of courfe find accefs ; 
and the folution in thefe cavities being at reft, the 
cryftalUzations from it of the diflblved matter, 
would take place with more regularity, and they 
would be more completely feparated from each 
other, than in the formation of the ftrata. Many 
ef thofe veins have alfo been filled by fuccellive 
cryftalUzations, and hence a greater variety of 
fubftances have been introduced into th^m. 

The formation of thefe veins is of very differ-* 
ent dates, the fiffures from which they arife 
having happened at different times. This is 
evident, from the fimple fa^, that one vein of- 



tt^ crofifes another without interruptio& or al# 
teration of the matter it contains. A new fi£^ 
Aire has taken place traverQng the exiftmg yein^ 
and has been afterwards filled, forming a ne# 
vein, and this^ it has been proved by repeated 
crofiings, has taken place a number of times 
fucceffively. Such repeated fijSures often de^ 
range the direction of the vein, and its relative 
fituation with refped to the fides of the rock in 
which it exifts. 

Several of the arguments in fupport of the 
Huttonian theory of mineral veins are drawn 
from the nature and properties of the fubftancet 
they contain, fuch as their infolubility in any 
one menftruum, and the mutual impreffions in 
fheir cryftallization. Thefe are afterwards to be 
noticed ; at prefent we are to confider thofe Ac-* 
duced from the firu&ure and pofitions of the 
veins. 

That the matter filling the veins has not been 
introduced in a fi:ate of folutioo, is evident, it is 
alleged, from their being no trace of that fol« 
vent in the vein, and from the vein it(elf being 
completely filled up. 

But, if the entrance into the vein has been* 
open, as is maintained, thefe appearances are not 
different from what might be expected. Con- 
iblidation, or cryftallization, it has already been 
ihowi]» may take place from folution, without 



any fenfible portion of the folvent being retain* 
ed ; and the matter, cdnfohdating in an open 
cavity, would exclude the fluid feparated, while 
if a frefh quantity of the folution had accefs, the- 
cavity might be completely filled up. Or, ^if 
the fluid was left, it would penetrate the ^ fur* 
rounding matter by infiltration, and leave the 
vein only partially "filled. 

It is faid, ** if the veins were filled by depo- 
•• fition from above, we ought to difcover in 
^ them fuch horizontal ftratification as is the 
•« efied of depofition from water.'* The ufual 
ftruAure of a mineral Vein is that of incrufta- 
tions, or parallel coats, on its fides. One fub- 
fiance, calcareous fpar, for example, or quartz, 
adheres immediately to the fides of the rock, 
and next to this a mafs of any metallic ore, and 
thefe may be varibufly intermixed with each o- 
ther, and even with cither fubftances. But, if 
the Neptunian theory were juft, it is affirmed, 
that the materials ihould be difpofedin horizon- 
tal layers acrofs the vein, inflead of being paral- 
lel to its fides. '' On no fuppofition," it is faid, 
*' can thefe incruftations be rqceived as a proof 
" of aqueous depofition : It may, indeed^ be 
*' certainly inferred from them, that-the matter 
*^ which they confiil of, was fluid at the time of 
" their formation ; but the abfence^ of all ap- 
^f pearance of horizontal difpofition in aqy part 
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of the vein,^ amounts nearljr to a demonftra- 
tion, that this fluidity did not proceed from 
" folution in a menftruum/* And again, " if, 
•* as the Neptunifts maintain, the materials in 
" the veins were depdfited by water in the moft 
•* perfed tranquillity, it is wonderful that we do 
*• not find thofe materials difpofed in horizon- 
•* tal layers acrofs the vein, initead of being pa- 
•* rallel to its fides ; and it feems very uhac- 
•* countable, that the common ftrata, depofited 
" as we are told while the water was in a ftatd 
of great agitation, have fo rigotoufly obeyed 
the laws of hydrollatics, and acquired a paral- 
•• lelifm in the planes of their ftratification, which 
•• approaches fo often to geometrical precifion ; 
•* while the materials of the veins, in circuraftan- 
" ces fo much more favourable for doing the 
" fame, have done nearly the reverie, and taken 
•* a pofition often at right angles to that which 
•• hydroftatical principles require. This is a pa- 
" radox, which the Neptunian fyftem has creat- 
" ed, and which therefore it is not very like- 
** ly to refolve *." 

This objedlion it is very eafy to remove ; and 
it is fomewhat Angular that Profeflbr Playfair 
fliould have ftated it in fuch ftrong terms, and 
as even amounting nearly to a demonftration 
ajgainft the Neptunian theory, when the anfwer 

* lUttilratioiis, &c. p. 25X, 253. 
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is fo obvious and fatisfadpry. The matter fiL 
ling veins is perhaps always cryftallized, or has 
the cryftalline ftrudlure, fo as to fhew that it has 
been by this fpecies of confolidation that it was 
formed. Now cryftallization is always promot- 
ed by a nucleus or fupport, and in any cavity, in- 
variably takes place from the bot;tom and fides. 
In the cafe of a vein therefore filled with a folu- 
tion of different kinds of matter, the fubftance 
mod difpofed to cryftallize would firft form an 
incrufi:ation on the fides and bottom, and after- 
wards, thofe which had lefs difpofition under the 
circun^ances of the cafe to cryftallize. Accord- 
ing to thefe circumflances too, the fubflances 
prefent might be varioully mixed. Werner 
Hates this very fadl of the incruflation of the 
materials of veins on their fides as a proof of his 
theory, and particularly, that the incruflations on 
one fide are always alike and difpofed in the 
fame order, as on the other fide of the vein. It is 
remarked alfo, as highly favourable to the fame 
theory, that the different coatings are of a great- 
er thicknefs at a depth in the vein, than they 
are nearer to the furface. 
. If, on the other hand, the vein had been fil- 
led with different kinds of matter in fufion by 
injedtion, it is evident, that thefe ought imme- 
diately to begin to arrange themfelves in the or- 
der of their fpecific gravities; the confolidation 
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of them from cooling could not commence im- 
mediately ; and therefore, while ftill fluid, the 
heavier fubftance, the metal, for example, fliould 
fall towards the bottom, and the much lighter 
matrix rife to the top, a difpofition which is ne- 
ver obferved : And, when they began to con- 
crete, it is equally obvious that the one leaft 
fufible fhould firft become folid, while the more 
fufible remaining fluid, would be forced afide 
and colledled apart ; and thus there could be 
none of that intermixture, and thofe mutual 
imprefllons, which are generally obferved in the 
materials of a vein j nor could the cooling of 
that part of the matter which was next to the 
fides of the vein, (a caufe ftated by Mr Play- 
fair), have much efFedt in preventing this, or ia 
difturbing the regularity of confolidation. This 
hypothefis, therefore, does not account for the 
appearances which veins adlually exhibit. 

It may alfo be obferved, as an important fadk 
in geology, that veins have occurred in which 
the depofltions are horizontal. De Luc gives 
an example of this kind. The fa6): is utterly 
inconfiftent with the Huttonian theory ; while 
it proves clearly that the vein has been filled by 
depofition from above, the depofite being pro- 
bably more mechanical than chemical, and 
therefore taking this form. 

It is ftated as an argument in favour of the 
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Huttonian account of the formation of vdns, 
that they '* contain abundant marks of the 
** moft violent and repeated difturbance " fhift- 
ing of the ftrata, and (hifting or heaving of the 
vein itfi^f. 

Thefe appearances, however, are likewife very 
eafily explained by the Wcrnerian theory : the 
explanation has indeed been already dated, in 
Ihowing the fallacy of the argument for the ig- 
neous origin of whin, from the derangements 
in the ftrata which accompany its veins. All 
veins arife from Mures in the ftrata or rocks in 
which they are fituated ; thefe fiflures have a* 
rifen from unequal iinkings of thefe ftrata, foon 
after their formation, and have taken place fuc- 
ceffively. It is obvious, therefore, that they 
muft often be accompanied with thofe very 
marks of difturbance enumerated in the objec** 
tion, and of courfe, that thefe do not prove 
veins to have been formed by an irruption of 
fluid matter from beneath. 

Werner has ftated the principal varieties of 
diflocation which attend veins, has (hown that 
. they admit of the moft fatisfadory explanations 
from his theory^ and that the conclufions fug* 
gefted by the theory, lead to important prac- 
tical applications in the art of mining. An or- 
der is obferved even in thefe derangements, 
which may be connedled by a principle j while, 
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were the Htsttonian hypothe& trae, there fhoald 
be nothing but ruin and diforder. 

** The &6b of pieces of rock being fooad iii« 
*' fulated in veins, is certainly favourable," it it 
laid, ^^ to the notion of an injedled and ponder- 
*^ ous flnid having originally fuflained them." 
Admitting that fuch pieces reft in no part oh 
the fides of the vein, the phenomenon is very 
eafily explained, from the fed, proved by van* 
ous appearances, and admitted in the Huttonkn 
theory, that veins have frequently been filled^ 
not entirely at once, but fucceffively ; the fub« 
ftances next to the fides have been firft depofit* 
ed, and thofe in the middle of the vein have 
o^en been of more recent formation » It is ob* 
vious, that if, after a partial incruftation of the 
vdn, by which its diameter would be diminiih->' 
ed, fragments of rock were brought, by the cir* 
culation of the furrounding fluid, or detached 
by fome violent finking, or fubverfion of the 
rock itfelf, and introduced into the cavity, they 
might be fuftained by the fides, and the vein 
being afterwards filled up by new depofi*- 
tions, the appearance of an infulated fragment 
would be produced. It is alfo pofiible, that af- 
ter a vein has been filled, and completely con- 
folidated, a new fiflbre might take place in it, 
preferving the fame direction ; and pieces of 
rock falling into it, from either of the above 
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caufes, might be cemented by new matter de- 
pofited from water ; and iti this manner Wer* 
ner has explained the origin of cemented frag- 
ments of this kind which occur in fome veins, 

A fafl in the ftrudure of veins incompatible 
with the Huttonian hypothefis, and proving the 
Wernerian theory, of their having been filled 
from above, is that of petrifa(3:ions, marine ihells, 
and even vegetable fubftances, being frequently 
found in the fubftances filling the vein, a fa<3; 
^ftablifhed on the authority of Werner, and 
others, and even allowed by Dr. Hutton*, nor 
can there be imagined any more decifi ve. As the 
matter with which veins are filled is fuppofed, 
by the Huttonian, to be ^t brown up in perfeft 
fufion, it cannot be conceived that fuch fub«> 
fiances ihould be brought up from the central 
parts of the globe in this ilream of melted 
matter, or that if they had fallen into it, they 
jhould have fuffered no change ; while the ex- 
planation of their origin is obvious and natural, 
when we fupppfe the matter in which they are 
inclofed to have been depofited from the fea. 

An argument of a fimilar kind may be de-. 
rived from the fadt, that veins are fometimes 
filled with fubftances which obvioufly could 
never have been in fufion. Thus Werner men^ 

• Theory of the Earth, vol. i. p. 396. 
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tions a vein at Riegelsdorf, in Heffe, the mate- 
rials of which are nothing but fand and rounded 
ilones. And Scbreiber cites a vein in a mount- 
ain near Allemont, filled with an argillaceous 
earth and rounded fragments of gneifs, and 
which intercepts the metallic veins *. Nothing 
can more certainly prove, that veins are filled 
from above, and not formed by irruptions from 
beneath. 

The alteration and decompofition of the rock 
at the fides of the vein, have been already no- 
ticed, as being explained more fatisfadorily by 
the Neptunian than the Huttonian theory. The 
decompofition of granite, hornblende, and 
gneifs, into a clay or foft earth, for feveral inches 
by the fide of the vein, cannot be explained, 
but from the percolation and chemical adlion 
of a fluid which has filled the vein. 

In the connexion of the contents of veins 
with certain ftrata, an order is obferved, inex- 
plicable in the Huttonian theory, but fatis« 
fadorily explained in the Neptunian. This has 
been traced by Werner. Tin is never found 
but in primary firata, principally in granite. 
Molybdena and Tungft^n are found in the fame 
fituations, and of courfe have been formed at 
the fame period. Uranium and Bifmutb, though 

^ Journal des Mines, No. xviii. p. 7^. 
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perhaps of a formation rather le& ancient, ap« 
pear, never to be found in ftratified mountains. 
Gold and Silver are fometimes found in the lat- 
ter, though rarely. Mercury, the grey ore of An- 
timony, and Manganefe, are fcovered both in 
primitive and fecondary n^ountains. Copper, Lead, 
Zinc, and efpecially Iron, belong to all the ages 
of the world. Cobalt and Nickel, are generally 
of recent formation. There is the fame differ- 
ence to be obferved in the fubftances which ac- 
company the metak. Felfpar, ihorl, the topai, 
and the beryl, are conlldered by Werner as the 
mo& ancient. Quartz belongs to all periods. 
Among the calcareous fubftances, the moft an* 
4cient are fluor fpar, and apatite. Trap is of 
xxmch more modern formation^ and gypfum one 
of the moft recent *. 

Now it muft be apparent, that the Huttonian 
hypothefis of the origin of veins can furnifh no 
principle by which any order of this kind can be 
explained. Thefe materials are fuppofed to be 
thrown from the central regions, in which they 
had exifted in a ftate of fuiion, and their irruption 
muft have been merely accidental. No caufe 
can .poffibly be imagined why certain metals 
ihould have been thrown up only in thofe rents 
which were fituated in the ppmary rocks ; others 

* Jourpal des Minet, No. xviii. p. 90* 
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in the fbcondatj) and a third dafs in ftrata of 
both kinds : but in the N eptunian fyftem a priii-' 
ciple can be difcovered by ' which this may havef 
been regulated. The depofites ^om the chaotic 
fluid, it is proved, were fucceffive, and it mufl, 
of courfe^ have happened that fome kinds of 
matter would be formed ^nd depofited at one 
period^ others at another, from th^ play of affini^ 
ties exerted, and the force with which they were 
held infblntion. In other words, the fame caufe 
which determined granite to be firft formed, may 
have determined the formation or depolition of 
tin, molybdena, and tungften, at the fame time ; 
and this principle may be extended to the pro« 
dudion of all the others. It is a merit, in a theory^ 
of no trivial importance, that it fiiould thus be 
able to connect, by one principle, fads of the 
firil importance, but apparently fo difficult to be 
explained. 

Laftly, there are veins to which the Huttonian 
hypothefis cannot poffibly apply — thofe Whicli 
are included in rocks, and fhut in on all fides. 
Thefe cannot be fuppofed to have been filled by 
injedion, as the termination of them in the rocjc 
is obvious. Profefibr Play fair is obliged to relin* 
quifhth6 general theory,and to fuppofe that when 
,^ thefe veinaare found in ftratified rocks, fuch ai 
^ have not themfelves been melted, we muft con- 
** ceive them to be compofed of materials more 
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^' fufible than the furrounding rock, To that they 
** have been brought into fufion by a degree of 
** heat which the reft of the rock was able to re* 
^ lift, and on cooling have aflumed a fparry 
" ftrudure. When they are found in rocks of 
*^ which the whole has been fluid, they muft be 
** confidered as component parts of that mafs, 
'^ which by an eledive attradion have united 
<' with one another, and feparated themfelvea 
" from the fubftances to which they had lefs af- 
^ finity*." 

The firft of thefe explanations, that which re- 
gards thefe infulated veins in ftratified rocks, 
may probably afford a proof of the falftty of the 
general hypothefis on this fubjedl. The matter 
ctyftallized in thefe veins is generally either 
quartz, or carbonate of lime. Now, tjliete is no 
fubftance exifting in the form of a ftratified rock 
lefs fufible than either of thefe fofiils : they con- 
fequently could not have been " brought into 
f fufion by a degree of heat which the reft of 
*.* the rock was able to refiftj" and therefore the 
phenomenon of a vein of fuch fubftances in flra* 
tified rocks cannot be accounted for on the prin* 
ciples of the Huttonian theory. 

It is found alfo that thefe infulated veins fome- 
times contain metallic ores; and, indeed, many 

* Illudrations, &c. p. 259. 
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metallic veins have been completely worked 
out ; yet Dr. Hutton is pleafed to tell us that 
thefe can be derived only from the bowels 
of the earth. ** Look into the fources of our mi- 
*• neral treafures : alk the miner from whence 
*' has come the metal into his vein. Not from 
^* the earth, or air above ; not from the ftrata 
V which the vein traverfes ; thefe do not contain 
*? one atom of the minerals now confidered. — 
There is but one place from whence thefe mi- 
" nerals may have come, this is the bowels of 
^* the earth, the place of power and expanfion, 
the place from whence muft have proceeded 
that intenfe heat by which loofe materials have 
^* been confolidated into rocks, as well as that 
*' enormous force by which the regular flrata 
f* have been broken and difplaced *." 

" The above (adds Profeflbr Playfair) is a very 
*' jad and natural refledlion ; but if, inftead of 
interrogating the miner, we confult the Neptu- 
nift, we will receive a very different reply. As 
*^ this philofopher never embarrailes himfelf 
" about preferving an uniformity in the courfe 
" of nature, he will tell us, that though it may be 
" time that neither the air, the upper part of the 
*' earth's furface, nor even the fea, contain at 
f* prefqnt any thing like the materials of the 

•Theory of the Earth, vol i. p. 130. 
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" veins, yet the time was when tbefe materials 
*' were all mingled together in the chaotic mafs, 
" and conftituted one vaft fluid, encompaifing 
** the earth; &om which fluid k was that the 
'* minerals were precipitated, and depofitcd in 
" the clefts and fiflures of the ftrata *." 

After this Reclamation, it is unfortunate that 
the Huttonian ibould be compelled to adtnh 
that there are examples of veins filled with me- 
tallic matter, cut off from that fource from 
which only, according to J>v Hutton's explana* 
tion, they could have been filled, and of. which 
no probable explanation can be given but that 
by the Neptunian theory. It is even probable 
that all veins are of this infulated kind, their 
limits not being always difcovered, from their 
not being explored to fufficient depth ; for it is, 
prkaa Jacie^ an extreme improbability that 
rents ibould pafs through innumerable flrata 
even to the central parts of the globe, and that 
thefe fliould be filled by injection to the very 
furface, and through crevices often- only a few 
lines in diameter for a confiderable length. 

An appearance not uncommon in veins is that 
of their becoming narrower as they defeend, of- 
ten lefTening to ~ of an inch or lefs in thicknefs, 
and either remaining fo or again becoming wider, 

* IllQilrationF, &c. p. 2^8. 
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while above, they are perhaps fome feet in wide- 
nefs. It is obvioufly impoffibk that the matter 
filling this upper part (hould have been thrown 
contrary to its own gravity, by injedlion, through 
fuch a paflage, from the central parts of the 
globe. 
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PART IV, 



Of the Support which the Huttonian and Neptunian 
Theories derive from the Appearances and Pro- 
perties of Individual FoJJils. 

jl his part of the inveftigation of thefe theories, 
from indudion, is that perhaps from which we 
may derive the moft conclufive evidence. The 
pofitions and connexions of the firata, can, in 
many cafes, be only imperfedly obferved, and 
they are alfo often fuch as might have arifen 
from various caufes. But it is reafonable to 
prefume, that in individual minerals properties 
will be found which {hall afford undoubted 
proof whether they have beeo formed by water 
or by fire. 

In confidering the examples of this clafs, 
brought forward in proof of the Huttonian 
theory, I fhall take them in the order in which 
they are ftated by Profeffor Playfair. The firft 
are thofe belonging to the siliceous genus. 

** Foffil-wood, penetrated by filiceous matter, 
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*' is a fubilance well known to mineralogifis ; 
** it is found in great abundance in various fi- 
" tuations, and frequently in the heart of great 
'* bodies of rock. On examination, the iilice- 
" ous matter is often obferved to have pene- 
trated the wood very unequally, fo that the 
vegetable ftrudure remains in fome places 
entire ; and in otheV places is loft in a homo- 
geneous mafs of agate or jafper. Where 
*• this happens, it may be remarked, that the 
" line which feparates thefe two parts is quite 
*^ (harp and diftinft, altogether different from 
*' what muft have taken place, had the flinty 
" matter been introduced into the body of the 
" wood, by any fluid in which it was diflTolved, 
" as it would then have pervaded the whole, 
" if not uniformly, yet with a regular gradation. 
V In thofe fpecimens of foffil-wood that arc 
** partly penetrated by agate, and partly not 
*' penetrated at all, the fame ftiarpnefs of ter* 
*' mination may be remarked, and is an ap- 
" pearance highly charaderiftic of the fluidity 
" produced by fulion *." 

From the appearance of foflil filiceous wood, 
the unbiafled obferver would be much more 
ready to infer, that it had been petrified by the 
operation of water, fince it is fcarcely poflible 
to believe that it could be fubjeded to the ac- 
tion of fire, and at the fame time have prefcrv- 

* liluftrations, &c. p. aj. 



cd completely the ligneous texturt. It ittay be 
conceived, that if a piece of wood be immetfed 
in water, which holds diffolved a portion of 
iilex, as many waters do, the earth may gradual- 
ly be depofited in its pores. At the fame time, 
from the flow putrefedion, or decompofition, 
which the wood in fuch a fitu^tion muft fuffe):, 
its principles may be diffipated iti tiew produdls ; 
and if thefe two operations, the depofition of 
the filiceous matter, and the decompofition of 
the wood, bear a certain proportion to each 
other, the earth will be depofited in the vacui- 
ties left by the vegetable matter ; and thus an 
arrangement will be preferved fimilar to that of 
the ligneous fibre. Hence might arife the pe- 
culiar charader of foffil filiceous wood j— its 
being entirely deftitute of vegetabe matter, 
while it preferves the texture of the wood, often 
fo perfedly, that the particular fpecies can be 
difcovered. 

But how fhall we account for thefe effeds, 
if we are to iiippofe the wood to have been 
fubjefled to the adion of melted filiceous ptiat- 
ter? How could this matter have penetrated 
the fubftance of the wood ? Still more, how 
could it penetrate it, fo as to preferve the ligne« 
ous texture, and even the delicate reticulated 
ftrudure? How could the ligneous matter have 
been removed, while the fihceous was depofited 
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in its pl^ce ? The operation of fufion, by which 
fojQils are formed, is fupppfed, in he Huttonian 
theory, to take place under a vail comprefiion ; 
this would prevent the volatilization or decom- 
poiition of any part of the wood, or if it did 
not, according to the principles of the fyf- 
tem itfelf, the wood fliould have been charred 
or converted into coal. In (hort, it feems impof- 
fible to give, it need not be faid a fatisfadory 
explanation, but any explanation whatever, of 
the properties of filiceous wood by •this hypo- 
thefis ; on the contrary, were it true, had wood 
been expofed to the adlion of melted flint, it 
muft either have been decompofed and charred 
by it, or muft have encrufted it, forming around 
it a homogeneous indeftrudible mafs. 

The particular appearance in fome fpecimens 
of the wood, which has been ftated as favour- 
able to the Huttonian hypotheiis, that of the 
line of reparation between the part that is pe- 
trified and the part that remains unchanged be- 
ing fharp and diftinft, inftead of affording any 
prefumption of. the filiceous matter being intro- 
duced in a ftate of fufion, is not even explained 
by that fuppofition, for we do not perceive why 
the fufed matter fhould have terminated abrupt- 
ly, fo as to prefent this diftind: line. Were the 
Huttonian required to explain this circumftance, 
he would, in truth, be puzzled for an anfwer, 
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and, inftead of affording any fupport to his opi- 
nion, it is an additional difficulty, which he is 
unable to remove. The appearairce feems to 
be owing to the procefs in the humid way going 
on very flowly, probably from the denfity of the 
wood, and to its having been ftopt in thofe fpe- 
cimens before it was complete. It is conceiv- 
able that the external part of the wood may 
have been fo completely impregnated with the 
filiceous matter as to prevent the infiltration of 
the water to the internal parts, and of courfe 
the procefs of petrifaftion would ceafe, and this, 
if the wood has been very denfe, it is polfible 
may have proceeded only a fliort way, and have 
been abruptly terminated. 

There is another fadl, with refpeft to filice- 
ous wood, which gives indication of its watery 
origin, while it is inexplicable on the Huttonian 
hypothefis ; it is, that of fliells often adhering to, 
and even indented in the wood, deprived of 
their calcareous matter, and thus forming filice- 
ous petrifadlions. The prefence of thefe proves 
that the wood had been immerfed in water-; and 
the entire converfion of their fubftance into fili- 
ceous matter cannot be accounted for on the 
fuppofition of melted filex being applied to 
them ; for by what power was this filex to ex- 
pel the calcareous carbonate, of which they 
principally confift. On the oppofite opinion 
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this admits of explanation, the carbonate of 
lime *being more foluble in water than the fili- 
ceous earth, would be gradually carried off, and 
the latter might be depofited in its place. 

In favour of the petrifadion of filiceous wood 
being efFeded by the medium of water, we have 
the analogous cafe of the petrifadion of wood 
in this way by calcareous matter. There are 
'many fprings, in which a portion of carbonate 
of lime is held in folution, which have the power 
of petrifying any vegetable fubftance thrown 
into them; and many examples of petrified 
mofies and other matters are tp be found, which 
no one can fuppofe to be perfornvcd by fire. — 
Here the ultimate efFed is the fame. The only 
diflference is, that in the one cafe the petrifac- 
tion is filiceous, in the other calcareous. Does 
not the prefumption follow, that the procefs by 
which it has been efFeded is fimilar ; that in the 
one, calcareous matter diflblved in water j in the 
other, filiceous matter in folution has been ap- 
plied to the petrified fubftance ? 

Laftly, we have demonftration that filiceous 
petrified wood is formed in the humid way. Mr. 
Kirwan relates a decifive proof of this kind : one 
of the timbers fupporting Trajan's bridge over 
the Danube being taken up, and examined, was 
found to have been converted into agate to the 
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depth of half an inch, while the inner parts 
were more flightly petrified *. 

With fuch weight of evidence, the conclufion 
cannot be refitted, that filiceous wood has been 
petrified by the medium of water ; and this firft 
proof of the Huttoiiian theory, from the pro- 
perties of minerals, ferves to eftabliih the oppo- 
fite fyftem. 

This argument with refpeft to the filiceous 
petrifadion of wood, is of more importance 
than at firft view may appear. It is not mere- 
ly in itfelf an example which may be brought 
in fupport of the one theory or the other, nei- 
ther is its importance confined to its proving 
the folubility of filiceous earth in water, . and 
the poflibility of the moft perfed confolidation 
being aflfefted by its depofition; but it efta- 
bliflies a fimilar formation with regard to other 
foflils, and furniflies a proof capable of being 
carried to a confiderable extent. It is obferv- 
ed in fpecimens of wood thus changed, that 
where there are rents or vacuities in the wood, 
the filiceous matter depofited in thefe, has al- 
ways aflumed the figure and ftrudlure of agate. 
It has the concentric coats of that foflil, its 
hardnefs, frequently its various fhades of co- 
lour^ and in fiiort, all its properties. If, therer. 

Geological EiTays, p. X40. 
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fore, the petrified wood is proved to be formed 
in the humid way, it follows, that agates may 
be formed in the fame mode ; and this fadl a- 
gain may be puflied ftill farther, for agates are 
almoft always found inclofed in other rocks, as, 
for example, in trap, and inclofed in fuch a 
manner as to render it undoubted that the rock 
and the inclofed agate muft have had the fame 
origin. So far, therefore, may the applicatioa 
of this argument be carried, from the intimate 
connexion of thefe foffils. Dr. Huttbn might 
perceive this connedion, and the obligation it 
laid him under of afcribing the formation of fili- 
ceous petrified wood to fufion, fince, if he ad- 
mitted it to have been formed in the humid 
way, he muft have been forced to admit, that 
agates and the rocks in which they are inclofed, 
might have had the fame origin. It was, per- 
haps, a proof of polemical ikill to affume that 
as an argument which he might have otherwife 
been obUged to obviate as an objedion ; and 
this might lead him to maintain, that filiceous 
petrified wood was formed from the introdudion 
of fufed filiceous earth, though its appearance is, 
prima facie^ inconfiftent with that opinion, dnd ' 
though it is fully refuted by fads. 

" The round nodules of flint that are found 
^' in chalk, quite infulated and feparate from 
'' one another, afford,'' it is faid, *' an argument 
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*^ of tbe fame kind ; fioce the flinty matter, if 
**• it had been carried into the chalk by any fol- 
" vent, mud have been depofited with a certain 
degree of uniformity, and would not now ap- 
pear collected into feparate mailes, without 
any trace of its CKiflence in the intermediate 
parts. On the other hand, if we conceive 
•* the melted flint to have been forcibly injefted 
'* among the chalk, and to have penetrated it, 
" fomewhat as mercury may, by . preflure, be 
•* made to penetrate through the pores of 
^ wood, it might, on cooling, exhibit the fame 
*' appearances that the chalk- beds of England 
" do adually prefent us with *" 

This theory of the formation of flint is near^ 
ly inconceivable, and is inconfiftent with the 
appearances of that foflil. The kind of injec- 
tion, by which it is fuppofed to be introduced 
into the chalk, is altogether my fterious ; for we 
perceive not, how, without any fenfible open- 
ings, the flint is to be conveyed into the chalk, 
or if it were forced in by fome peculiar exer- 
tion of prefluce, how the particles are to be col- 
leded, fd as to form nodules of confiderable 
fize. The arrangement of thefe nodules is al- 
fo incompatible with any notion of this kind. 
They are not irregularly interfperfed in the- 

* lUuitrations, &c p. aj. 
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chalk, a^ they ueceffavily mull have been, i^ 
introduced by any fpecies of injedliau, byt are 
found arranged with the greateft uniformity, in 
horizontal beds ox layers, which are equidiftant 
from each other. 

That thq formation of thefe nodules is owing 
to the agency of water, is proved by the impref- 
fions of (hells on their internal furface, or even , 
entire ihells inhering in the fubftanee of the flint, 
completely petrifled, and having their calcareous 
matter entirely abftraded. It is obvious, that 
this petrifa6tion and expuliion of the calcareous 
matter, while the ftru^ture and divifions of the 
IheU often remain unaltered, could never be 
produced by injeSion of fufed filiceou^ mat^ 
ter, while they may, in common with other pe* 
trifadlions, be eafily explained from the agency 
of water. There is a particular fpecimen of 
this kind, one* of the moft common, which, pet* 
haps, places this in the fcleareft light,-— that of the 
ftjell of the Echinus, which is frequently found 
filled with flint, while its texture remains per« 
fei^ly upahered ; and its calcareous matter is, 
at the fame time, fo completely removed, that 
it does not effervefce on the application of an 
acid. This Ihell is, in its natural ftate, fo ex* 
tremely tender, that the lead preflure crufhes it 
to pieces ; and it has only a fmall aperture lead* 
ing to its cavity. "^Can it be fuppofed, that it 
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has been filled with fufed flint, by any fpecies 
of injedlion ? What would be the circumftances 
which muft have been prefent for fuch an effedl 
taking place ? That the (hell fhould have been 
placed in fuch a manner that its aperture fhould 
lie in the diredion of the ftream of injefted 
fluid, and that it fliould have fuch firmnefs, as 
to fuffer no alteration from being completely 
filled with this denfe fluid matter; and were 
even the fuppofition of the exiftence of thefe 
circumftances admitted, the expulfion of the 
calcareous matter of the fhell would remain in-« 
explicable. This, and other petrifaftions, evi- 
dently fhow^ that the particles of flint have been 
brought together flowly, and without violence, 
by the agency of water. Mr. Kirwan attri- 
butes their confolidation, to the infiltration of 
that fluid through the ftrata of chalk ^ ; and 
their formation into nodules, may be afcribed, 
according to the Wernerian hypothefis, to the 
particles being colleded in cavities fprmed in 
the chalk by the extrication of air. 

" The filiceous pudding-ftone," it is faid, " is 
an inftance clofely conneded with the two 
laft ; in it we find both the pebbles, and the 
cement which unites them, confifting of flint 
equally hard aiid confolidated ; and this cir- 

^ Geological Eifays, p. 237. 
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** cumftance, for which it is impoffible to ac« 
" count by infiltration, or the infinuation of an 
" aqueous folvent, is perfedlly confiftent with 
" the fuppofition, that a ftream of melted flint 
" has been forcibly injefted among a mafs of 

•• loofe gravel *." 

There feems nothing improbable in the fup- 
pofition that the pebbles in this fofiil have been 
agglutinated and confolidated by the depofition 
of the cement from aqueous folution or fufpen- 
fion. Suppofe thefe pebbles to have been 
placed in a fituation fimilar to that of petrified 
.filiceous wood ; its pores have been completely 
filled with filiceous matter, of the nature of a- 
gate ; and, in like manner, the interftices be- 
tween thefe loofe pebbles may have been filled 
with this matter, and thus a confolidated hete- 
rogeneous mafs might be formed. 

Agates belong to the filiceous genus, and 
are confidered by Dr, Hutton as affording, from 
their ftrufture, an argument in favour of his 
theory. They are mafles, the internal parts of 
which have a certain arrangement, which, it is 
alleged, could not be produced by the infiltra* 
tion of any fluid, but which muil have arifen 
from the circumftances under which the agate 
was formed. 

* Illuftrationsi ficc. p. a6. 



That the fluidity from whidi agatesi' have 
been confoUdated» has been that of fa(iQU, it is 
faid, is evident, becaufe " the formatiQO of the 
" concentric goats, of which the agate i^ ufuaU 
" ly compofed, has evidently proceeded frona 
" the circiimference toward the centre, the exn 
'* terior coats always isBprefi^ng the interior, 
" but never the reverfe^ The ftme thipg alfo 
'* follows from this other fa6t, that.wh^n theiiQ 
** is any vacuity within the agate, it is ufually 
" at the centre, and there too are found the re^ 
^ gular cryftals, when any fvich have been form-' 
*' ed. It therefore appears Gertain,that the pco^ 
'* grefs of confolidation has been from the cir* 
" cumference inwards, and that the outward 
^ coats of the agate were the firit to acquire 
'' foUdity and hardn^fs. 

*' Now, it muft be confidered that tbefi? 
*' coats are highly confolidated ; that they are 
" of very pure filiceous matter, and are utterly • 
" impervious to every fubftance which we know 
'* of, except light and heat. It is plain, there** 
" fore> that 'whatever at any time, during the 
" prpgrefs of confolidation, was contained with* 
'* in the coats already formed, muil have re«r 
** mained there as long as the agate was entiret 
without the leaft poflibility^ of efcape. Bqt 
nothing is found within the coats of the a- 
gate fave its own fubftance ; therefore no ex- 
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" traneous fubftance, that is to fey no folvent^ 
*' was ever included within them. The fluidity 

of the agate was therefore fimple» and unaf- 

liftcd by any menftruum. 
In this argument, nothing appears to me 
" wanting, that is neceflary to the perfedion of 
*' a phyfical, I had almoft faid of a mathemati- 
" cal, demonftration. It feems, indeed, to be 

impoilible that the igneous origin of foffils 

could be recorded in plainer language, than 

by the phenomenon which has jufl; been de« 
'* fcribed *.'' 

Notwithftanding the flrong language in which 
thefe aiTertions are exprefled, it may be de- 
monflrated, that agates could not have been 
formed by fufion, but muft have originated 
from the operation of water. Their ftruc- 
ture is fo peculiar that there may be fome dif« 
ficulty in pointing out clearly the precife mode 
of their formation, but the following explana- 
tion by Werner, and which has alfo been fug- 
gifted by Dolomieu and Kirwan, will be found 
to accord better with the appearances of the 
fofiils of this family, then the Huttonian hypo- 
thefis. 

During the confolidation of the ftrata, it is 
fuppofed that extrications of air muft have taken 

^Illuflrations, &c.p. 78, 79. 
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place, which in a foft mafs would form vacui- 
ties of a fpheroidal form ; after the confolida- 
tion had been completed, thefe vacuities are 
fuppofed to have been filled with a fluid hold- 
ing the matter of chalcedony, jafper, and other 
fubftances of which agates confift, in folution. 
Thefe would be depofited fucceffivejy from the 
various affinities of the fubftances diflblved to 
the folvent ; and in this manner the fucceffive 
coats would be formed, the exterior coat deter, 
mining in a great meafure the figure of the in* 
terior depofited upon it. Thefe coats, it has 
been obferved, vary in the purity or homogene- 
ous nature of their fubftance, the outer is com- 
pofed of the coarfeft or moft heterogeneous fub- 
ftance, as of jafper or carnelion ; as it approach-^ 
es to the centre, it generally becomes purer, till 
at length from the folution thus purified as it 
were, by thefe depofitions, cryftals of quartz and 
amethyft ftioot. When the folid matter had 
been completely feparated from the fluid, the 
latter would efcape by percolation (for the hard- 
eft foffils of this clafs, contrary to the aflertion 
of Dr. Hutton, are capable of allowing water to 
pafs through them) : if the orifice by which the 
folution entered was clofed up by the depofi- 
tion, a hollow agate would be formed ; if it 
were not, fucceflive portions of the folution 
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xnigbt find accefs, and the whole cavity be com* 
pletely filled. 

From this hypothefis, the general appearan- 
ces of s^gates can be explained; and there is one 
variety, that of the hollow agate, which can 
fcarcely be explained by any other, or which at 
leail can receive no explanation from the Hut- 
tonian hypothefis. The cavities in thefe agates 
are fuppofed, according to the latter hypothefis, 
to arife ifrom the contradion of the mafs in its 
confolidation and cooling. But there are many 
of them in which the cavity is fo difproportion- 
ed to the folid cruft, that it could not poffibly 
have arifen from this caufe. Thus they may be 
found in which the cavity is four inches in 
diameter, while the folid external coat is not 
more than ~ inch thick : it is obvious that no 
Ihrinking of this mafs could have produped a 
cavity of this kind. The explanation again by 
the Wernerian hypothefis, in which the pro- 
duflion of the cavity is referred to the extrica- 
tion of a portion of aerial fluid, and the fubfe- 
quent depofition of the matter of which the 
cruft is formed, is perfeftly fatisfaftory ; at the 
fame time it cannot be adapted to the Hutto- 
nian hypothefis, for according to that fyftem, 
the fufion of the ftrata has taken pldce under 
an immenfe comprefiion, by which every extri- 
cation of air is prevented, and fuch a prefiure 
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muft, even by the defender of that hypothefis, 
be fuppofed prefent in the formation of thefe 
hollow agates, becaufe they frequently contain 
carbonate of lime, which, but for this circum- 
ftance, muft have been decompdfed. 

There is another appearance in certain agates 
which Dr. Hutton adduces as an argument in 
fupport of his theory, and which affords a proof 
of its falfity. In agates of chalcedony, he ob- 
ferves, calcareous fpar is often inclofed, and 
thefe are found mutually imprcffing and im- 
prefled by each other ; " the angles and planes 
•• of the fpar are indented into the chalce- 
** dony, and the fpherical fegments of the chal- 
*• cedony are imprinted on the planes of the 
" fpar, Thefe appearances are confiftent with 
" no notion of confolidation that does not in- 
" vplve in it the fimultaneous concretion of the 
" whole mafs ; and fuch concretion cannot a- 

rife from precipitation from a folvent, but 

only from the congelation of a melted 
•* body *.'• 

Precifely the oppofite conclufion may be 
drawn, with much more juftice, — that this fimul- 
taneous confolidation could not take place from 
the fluidity produced by fufion ; for fubftances 
of diflferent natures have always different degrees 

f lUuflradons, &c. p. 247* 
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of fufibility, and, having this di^iencei muft 
became folkl at different temperatures. Either 
the chalcedony muil have beefi more fufible 
than the calcareous fpar, or the fpar than the 
chalcedony ; and, whidi ever be the cafe, the 
one that was leail fufible muH have concreted 
firft, and might take its peculiar^ form, but 
they never could concrete fimultaneoufly fo as 
to imprefs and tee imprefled by each other ; and 
jince Dt Hutton not only allows but contends 
for this mutual impreffion, he efiablifhes a fadt 
which overturns his own hypothefis of the 
formation of thefe fcifils. 

It is indeed iingular that this cafe of fimuU 
taneous confolidation or cryftallization Ihould 
iiave ever been employed as a proof that h had 
taken place from fufion, as in various other 
cafes befide that of agates it is, for it implies a 
fuppofition which it is eafy to demonftrate i^ 
falfe. If two or more different fubftances be 
in fufioh, it is evident that they will become fo- 
lid, according to their fufibilities ; the leaft fufi- 
ble, requiring the higheft temperature to prefervc 
it folid, will, on a redudlion of temperature, firft 
pafs to the folid ftate, and will be fucceeded by 
the others, which are more fufible. It cannot 
be fuppofed that two fubfi:ances fhould, from a 
ilate of fufion, become folid precifely at the fame 
time, fo as to imprefs each other, unlefs they 



[ 19^ ] 

are of precifely the fame degree of fufibility. 
Now there are not» perhaps, two fubftances in 
nature with refped to which this is the cafe. 
At leaft, if it happened with any two, it might 
be cpnfidered, both as a lingular coincidence, 
and ftill more as the refult of a very extraordi- 
nary combination of circumftances, that of all 
bodies the two which thus happened to agree in 
fufibility ihould have been brought together in 
fufion. But it may fafely be affirmed, that not 
another example of it would be met with, far 
lefs that it ihould take place with refped to 
many fubftances ; and if it ihould adually be 
found in nature that there were a variety of 
groupes or aggregates of fofiils which mutually 
imprefied each other, this, inftead of being re^ 
garded as a proof that thefe* fubftances had con- 
folidated from fimple fuiion, would furniih the 
cleareft demonftration that the fluidity from 
which they had become folid muft have been of 
a different kind. 

It may be faid, perhaps, that it is not clear 
how from folution tVo different fubftances 
ihould confolidate or cryftalli^e at the fame time. 
Let it be granted, that it is not obvious how this 
ihould happen ; yet ftill we have no demonftra- 
tion, as in the former cafe, that this could not 
be the cafe ; and therefore, as it is the only fup- 
pofition left to us, it ought to be admitted. But 
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we need not reft fatisfied with this argument. It 
is poffible to conceive how different fubftances in 
folution in one fluid may be brought either to 

. cty&SilUxe or confolidate together, or to give the 
appearance of fimultaneous confolidation. Let 
it be imagined, that by fome alteration of cir- 
cnmftances in the folution the cryftallization of 
^ne of the fubftances was occaiioned : it is con- 
ceivable that the feparation of this fubftance 
might fo alter the exifting attra&ions, by which 
one or other of the remaining fubftances in the 
folution were held diflblved, that it alfo might 
inftantly begin to feparate, and thus its con- 
folidation would be fimultaneous, or very near- 
ly fo, with that of the other, ani'they might 
imptefs each other : Or, as cryftallization is pro- 
moted by a nuckus, and ftiU more by the pre- 
fence of a body already cryftallized, it is con- 
ceivable, that if in a faturated folution of diffe* 

. rent fubftances, one of them iliould by an' alter- 
ation of circumftanoes, be brought to cryffallizc, 
the cryftallization of the others might inftant- 
ly commence, as we fee take place when we 
drop a folid into a faturated folution of a fait ; 
and thus the moft intimate admixture and mu- 
tual penetration of cryftals might take place. 
Nay, it is no improbable fuppofition, that by 
the fudden admiifion of air to fuch a faturated 
fluid,, or even by the fudden evolution of any 
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gas from it, the inftttntaQeous cryftallixation of 
more than one of the fubilances difiblve^l in it 
might be produced. 

It is thus evident,' that various fuppofitions 
fufficiently probable can be made, by which 
the iimultaneous confolidation of different fub- 
ilances from a flate of folution may be account- 
ed for. It cannot, therefore, be faid, that this 
is a difficulty which cannot be explained, and 
which prefles againfl: the theory. On this point 
the Neptunian has every advantage over the 
Huttonian hypothefis. It can be demonilrated, 
that according to the principles of the latter no 
fuch thing as fimultaneous confolidation could 
take place. . No demonftration of this kind can 
be brought againfl the other, which at once, 
therefore, gives it the fuperiority. But it can 
claim a ilill higher advantage, fince it is even 
eafy to fhew, in perfed conformity with its prin- 
ciples, how this Angular operation of fimultane- 
ous confolidation might take place. Every 
inftance of it, therefore, fuch as that of chalce- 
dony and calcareous fpar in agates, and others 
to be afterwards noticed, are fo many proofs of 
the formation of folEls by folution. 

" The common grit, or fandflone, though it 
" certainly gives no indication of having pof- 
** feflTed fluidity, is flrongly exprefiive of the ef- 
^[ feds of heat. It is fo, efpecially in thofe in- 
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^^ fiances where the particles of quartzj fand« 
" of which it is compofed, are firmly and clofe- 
" ly united, without the help of any cementing 
" fubftance whatfoever *." The Neptunian 
would fay, that this is mere alTertion and no 
argument whatever, as the confolidation of this 
ftone, the denfity or compadnefs of which is 
not great, might be produced by the mutual 
attraction exerted between its finer particles; 
or, as all fandftone contains a portion of argil 
or lime, thefe might alfo ferve, in part at leaft, 
as the connecting medium. 

If we fhould, a priori^ expeCl, from an exa- 
mination of the ftrata of the earth, any indica- 
tion of their origin^ dr of the nature of thp a- 
gents to whofe operation they had been fub- 
jeded, it is certain that none lefs ambiguous 
could be obtained than that afforded by the 
animal and vegetable impreffions and remains 
which they contain. Thefe at once afford the 
double proof, that they have been depofited 
from water, and that they have not been fub^ 
jeded to the adlion of fire. 

This proof we fhall find in all the flrata^ 
miore fparirigly perhaps in thofe of the Siliceous 
Genus than in the others, but liill in thofe io 
abundantly as to furnifh the moft conclufive 

^ Illiiilratioiis, &c« p. 159. 



Evidence, fieiides the petrifadions in fitnt, 
i^hich have been already noticed, they occur in 
petrofilex, ahd filiceons fandflone. It is obvi- 
ous, that the ititenfe heat which, according to 
the Huttoniah theory, is applied to thefe &ffils 
for their confolidation, Ought to have foftened 
or fufed the fubftatice of thefe petrifadiions. 
Granite and whin, in that theory, are fuppofed 
to be formed nearly from the fame materials as 
thefe ftrata,— from fubllances depofited at the 
bottom of the fea ; and the reafon given why 
they contain no petrifactions, or no remains of 
marine animals, is, that by the heat by which 
the whin or granite has been fufed, they have 
been deftroyed. But the heat neceflary even 
to foften petrofilex, or filiceous fandftone, is 
much greater than that requifite to fufe whin; 
and therefore, afortmiy thefe foifils ought not, 
more than whin, to contain organic remains. 
This follows ftill more ftrongly from the fadt 
that the filiceous and calcareous earths adt mu- 
tually as fluxes, fo that if a fliell were involved 
in fandftone, foftened by heat, this alone fhould 
caufe them to combine. 

Among the foflSls belonging to the calca- 
reous GENUS, are ftated, as proving the adlion of 
fubterranean heat, " the calcareous breccias, 
" compofcd of fragments of marble or limc- 
" ftone^ and not only adapted to each other's 
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** ihape, but indented into one another, in a 
** manner not a little refembling the futuces of 
** the human cranium. From fuch inftanges, 
"it is impoffible not to infer the foftnefs of 
** the calcareous fragments when they were con- 
** folidated into one mafs. Now, this foftnefs 
•• could be induced only by heat ; for it muft be 
" acknowledged that the adion of any other 
" folvent is quite inadequate to the foftening 
" of large fragments of ftone, without diffolving 
" them altogether *." This appearance of thefe 
marble breccias can fcarcely be accounted for 
t)n the fuppofition of their being foftened by 
heat ; for in the joinings of the fragments the 
iharp angles of many of them are often pre- 
ferved at their infertions. In general, thefe 
fragments are conneded and interlaced, as it 
were, by a common ground or cement, and not 
indented into the fubftance of each other, and 
this conneding cement may have been de- 
pofited from water around thefe fragments. 
Where there is an appearance of indentation in 
fome places, it might arife from the accidental 
pofitions of. the fragments, and the preflure 
from the gravity of the mafs, by which the 
Iharp projedions have been inferted into hoi- 
lows or fra<Sures of the others, and united b^ 

^ lUuftrationt* &c. p. 2S. 
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the common cement. Nay, the juftnefs of the 
affertion in the objeaion may be denied ; for it 
is poi&ble, that by the continued application of 
a folvent to thefe fragments, they might partly 
be diffolved, partly foftened. They might thus 
be indented together by preffure, and a cement 
at the fame time formed by which they would 
be confolidated into one mafs. 
** In many other inftances it appears certain, 
that the ftones of the calcareous genus have 
been reduced by heat into a ilate of fluidity 
" much more perfeift. * Thus, the faline or finer 
** kinds of marble, and many others that have a 
" ftrudlure highly cryftallized, muft have been 
•^ foftened to a degree little fhort of fuiion, be- 
" fore this cryftallization could take place. Even 
^' the petrifactions which abound fo much in 
" limeftone tend to eftablifti the fame fa£k ; for 
^ they poflcfs a fparry ftrudlure, and muft have 
*' acquired that ftrudure in their tranfition from 
« a fluid to a fohd ftate ^.'^ 

In the firft of thefe inftances, there is merely 
the gratuitous aflTumption that the cryftalUza- 
tion producing the fparry appearances of thefe 
marbles, muft have been from fluidity induced 
by fufion, and not from fluidity occafioned by 
folution. The latter affords an example of a very 

* lUuftrations, &c. p. 29. 
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fingular mode of reafoning. It is acknowledged, 
that the petrifadions in limeilonemuft have been 
fufed, becaufe they could only acquire- their 
fparry ftruAure in their tranGtion from 2iftind to 
a folid Jiate^ and of courfe the figure and the 
ftrudure of the fubftances petrified, which are 
generally fhells, muit have been loft. But how 
could this figure be refiimed when the fufed fub- 
ftance returned to the folid ftate. If a (hell in 
a mafs of lim^ftone had been in fufion, it is ob« 
vioufly impoilible that in becoming folid it could 
again aflume its precife arrangement and figure. 
The proof from the prefence of thefc petrifac- 
tions in calcareous ftrata, in favour of the Nep- 
tunian theory, is conclufive. Thefe ftrata are 
fuppofed to be formed in the bed of the fea, 
and probably chiefly from the decay of ma- 
rine animals. Their fliells confift principally 
of carbonate of lime ; the animal matter which 
is mixed with this is evolved by putrefadion du- 
ring their flow confolidation, and its place is 
fupplied by a portion of the carbonate held in 
folution by the furrounding water : from a fimi^* 
lar depofition, mixed with fmaller portions of 
argillaceous earth, oxyd of iron and other fub- 
flances, their confolidation is completed, and 
the more flow depofition of pure carbonate of 
lime, gives rife to the formation of the fpar and 
cryftals whiph thefe ftrata always contain. 

04 
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In the Huttonian theory, the prefervation of 
theie animal remains is a problem which is not. 
folved. It is maintsiined, that cQnfplidation 
cannot be effeded but by fufion, partial or com- 
Iplete ; and of courfe it is maintained, that tbefe 
ilrata of limeftone and marble have been melt^^ 
ed, or at leail foftened by beat. It remains, 
then, to be explained, how the fheUs of the ma- 
line animals, which thefe ilrata contain, have 
efcaped the adion of this heat ; how their figure 
and texture have not been deftroyed? Their 
compofition is the fame as that of the remain- 
ing matter of the limeftone or marble ; and m- 
deed thefe ilrata are fuppofed, by I>r. Huttpd,. 
to originate from the remains of fea aniipatils^ 
If thefe, theriefore, were in a fufed or foftened 
. flate, ought not the included ibells to bavefuffisr* 
ed precifely the fame change ? The fufion of thefe 
firata muft, according to the Huttonian,^^ have, 
been nearly complete, for they have the fparry 
ilrudlure, and contain large veins and fpots of 
perfed fpar. It is impofiible to conceive, how 
fuch a degree of fuiion fhould have taken place 
and thefe ihells not have been at leail fo &x 
foftened, as to have loft fomewbat of their 
figure, and of the iharpnefs and diflindnefs of 
their angles' and lines. Nay, the cavity of the 
Ihell is often filled with regular cryftals of car* 
bonate of lime, which, if formed by beat, muft 
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baye concreted from a ftate of perfed fufion : 
but this fufed matter could not have remained 
in cQntad: with the ihell, without melting it 
completely or partially^ and, therefore, Aich 
appearances^ which, fo far from being rare, are 
extremely common, are incompatible with fuch 
a fuppofition. 

The conclufion becqmes ftill more evident, 
when we confider the extreme delicacy often 
obferved in thefe impreffions. The calcareous 
ftone of Monte Bolca is known to every minera- 
logift, for the large and perfet^ impreffions of 
different kinds of fi(h found in it. Thefe ate 
numerous, the entire figure of the fiih is im^ 
prefied upon it, and with fuch accuracy, thaf 
the charafters of a number of fpccies hare been 
^ftablifhed. It is abfolutely incredible that an 
imprefiion of this kind could remain on a ftone 
fubjeded to an intenfe heat, that the matter of 
the fiih ihould not have fufiered the fmalleft de- 
pompofition, or even mechanical derangement ; 
and the bare infpedion of thefe fpecimens will 
be fufficient to convince the unprejudiced ob- 
ferver, that thefe ftrata could not have owed 
their confolidation to fire : but there is lio dif« 
ficuky in conceiving, that water, by that flow 
agency above explained, might form fuch petri- 
faftions. * 
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Anbther fad refpeding thefe foffils, which 
cannot be explained in the Huttonian hypothe* 
lk» has been ftated by Mr. ELirwan, — ^the ab- 
fence of phofphoric acid in the finer kinds of 
marble and limeilone. The (hells of marine 
animals contain a portion of phofphat of lime 
in their compofition, as has been eftablifhed 
by the experiments of Mr. Hatchet ; this fub- 
ft ance, Mr. Kirwan juftly remarks, is indeftrudible 
by heat ; and, therefore, had thefe marbles been 
formed from the remains of marine animals, they 
ought to contain the full proportion of phof- 
phat of lime, which thefe contain. The reply 
which Mr. Playfair gives to , this, is extremely 
obfcure. To give the argument force, he ob* 
ferves, it would be neceflary to prove, that phof- 
phoric acid exifts in thefe Umeflones which evi- 
dently confift of (hells in a mineralized ftate : 
if thefe are found without phofphoric acid, it is 
evident that the preceeding argument fails en- 
tirely. But this proof is not'tieceflary. The 
marble in which no phofphoric acid has beea 
found is fuppofed, by the Huttonian geologift, 
to be formed from remains of marine animals 
equally with any other ; and the circumftance 
of other marbles or limeflone, containing or not 
containing phofphat of lime, is of no confe- 
quence. If it be found, that other limeftones 



do not contain phofphat of lime, the argument 
will indeed become more general ; but, however 
this may be, the objeftion, from the particular 
fa<5l with regard to the marbles which have 
been analyfed, remains the fame. To the Nep- 
tunian theory, the objedion does not apply, bc- 
caufe the fmall quantity of phofphat of lime 
prefent may be carried off by water. 

It is, laftly, to be remarked, with regard to 
the calcareous fofiils, that the evidence for the 
formation, of at leaft fome of them by water, is 
fo unexceptionable, that it mull be admitted 
even by the Huttonian, Thus, calcareous cry- 
Aals are often found in lituations where they 
muft neceffarily have cryftallized from a 
folutidn of carbonate of lime in water. They 
are thus met with lining the cavities of fhells, 
fuch, for example, as the fhell of the Cornua 
Ammonis, and many others. Thefe fhells 
themfelves confift of carbonate of lime: and of 
courfe they could not contain carbonate of lime 
in perfedl fufion, without fufFering an altera- 
tion. The-ftate of fluidity, therefore, from 
which thefe cryftals have concreted, has not 
been that from fufion, but muft have been that 
of folution in water. Another example, not lefs 
equivocal, is that of calcareous ftaladites. Thefe 
have not only in general the fparry textui^, but 
are often covered with cryftals, and their for- 
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mation in the humid way is abundantly obvi« 
ous. The force of this conclufion is evident. 
It is proved, that calcareous cryftals, different 
in no refped from others found in nature, are, 
infome cafes at lead, formed from folution; 
that they are ever formed by the fufion of car- 
bonate of lime, is a mere hypothefis, fupported 
by no diredl evidence ; — till fuch evidence, 
therefore, be adduced, the Neptunian has a 
right to regard that which he brings forward as 
conclufive, and to confider all calcareous cryftals 
^s being formed in the fame mode ; and to this 
conclufion nothing but a fimple poffibiUty can 
be oppofed. Even that conjedure would be, 
a priorij improbable, fince it would be fingular, 
if this foilil fhould be capable of bei^g formed 
both by fire and water, and fhquld receive from 
each precifely the fame form of cryftallization. 
And, if it be rendered probable, that calcareous 
cryftals are formed by folution, the fame mode 
of formation muft be afiigned to almpft every 
foffil J fot there are very few with which thefe 
cryftals are not fo intimately aftbciated, that the 
fame origin muft neceflarily be given to them 
all. 

Among the fofiils of the argillaceous genus, 
the variety of argillaceous iron ore, named the 
feptaria affords an argument on which Dr Hut- 
ton laid niuch ftrefs. This fofiil is generally 



it 



[ ^05 3 

found in fpheroidal nodules, which when bro* 
ken exhibit a fingular lli^udure. The ground 
or bafe confifts of argillaceous iron ore, but 
this is divided into a nuitiber of fepta by veins 
of calcareous fpar, which ihoot from the centre 
of the ftone to the circumference, but do not 
reach it. This proves, it is faid, that the cal- 
careous matter has not been introduced into the 
ftone from without by infiltration. " The only 
other fuppofition that is left for explaining the 
fingular ftrudure of this foffil is, that thp 
•^ whole mafs was originally fluid, and that in 
" cooling the calcareous part feparated from the 
" reft, and afterwards cryftallized *." 

It might be granted, that the ftrudure of this 
ftone proves that it muft have been in a fliliid 
ftate, and that in hardening, the contradion of 
the bafe, and the feparatlon of the calcareous 
matter, had taken place at the fame time, with- 
out its following as a neceflary confequence that 
this fluidity muft have arifen from fufion. It 
may have been a depofite from water, and the 
ihrinking and reparation may have taken place 
during its confolidation ; or it might be fuppo- 
fed, with perhaps equal probability, that the ar- 
gillaceous iron ore only had been depofited ; that 
in confolidating it had ftirunk and fplit internal- 

* Illuftnitions, &c. p, 26. 
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Ij ; and as this is actually a pdrous Aone« if it ' 
were afterwards expofed to water having carbo- 
nate of lime in folution, the water might enter 
by infiltration through its fubftance, and the ca- 
vities be filled, as far as they extended, with 
calcareous matter. That thefe feptaria have had 
an aqueous and not an igneous origin, is proved 
by their fometimes containing impi^flions of or*- 
ganic fubilances, particularly fhells. 

In the argillaceous ftrata, petrifadions are ex- 
tremely frequent, more particularly (hells and 
impreilions of vegetables. Thefe are found. in 
clay, argillaceous Ihiftus, argillaceous fandftone, 
argillaceous ironflone, and various others. The 
argument with refpedl to them, is the fame as 
with regard to the other ftrata in which they 
are found. The operation of fire ought .to have 
altered or deftroyed thefe remains and impref* 
fions, nor is any caufe pointed out in the Hut- 
tonian theory by which they could be preferv- 
ed. 

This argument is conclufive, whether we con- 
fider the deficiency of explanation in the one 
.theory, or the fatisfadory folution afforded by ' 
the other. Let the example of marine ihells 
preferved in fandftone be taken. If that fand- 
ftone h^s been formed by depofition from water, 
it might happen that the (hells of animals exift- 
ing in that water, might be involved in the de« 
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pofite ; and, in this cafe, no change would hap'- 
pen to them, except perhaps their being more 
or lefs impregnated with particles of the matter 
in which they were depofited. This is accord- 
ingly the ftate in which thefe ihells are found, 
and the adlual appearance exadlly correfponds 
with that which the theory would lead us to 
exped. If, again, the flratum of fandftone were 
confolidated by heat, it is impoffible to conceive 
how that heat ihould operate without changing 
the figure or flrudure of the contained fliells. 
Nay, in this example, another circumllauce . is 
prefent, which'ftill more forcibly proves, that 
heat could not thus be applied without produ* 
cing fome change. Argillaceous fandftone' 
confifts principally of filiceous and argillaceous 
earth : now thefe ferve as a flux to calcareous 
earth, and caufe its fufion at a temperature much 
lower than that requifite to fufe it when pure. 
Shells of marine animals have this earth for their 
bafis ; and had heat been applied to them, fur- 
rounded by argillaceous fandftone, fuch a com- 
bination muft have been effedled. 

Or, let the argument be conlidered with re- 
fpedl to the vegetable impreflions, which are 
often found on fhale or fhiftus. Thefe are fo 
delicate and perfed, that the genus, and even 
the fpccies of the vegetable, can often be deter- 
mined, from the prefer vation of the moft deli- 
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cate foliage and flower. It may be aiked of 
the Huttonian, if tfaefe ftrata were coafolidated 
*b7 fire, as he fuppofes, bow the vegetable mat- 
ter could be entirely removed, while the impref- 
&m ihould remain perfect and unimpaired? 
The. v^etable matter ought undoubtedly to 
have {offered decompofition ; for, even if the 
efcape of its volatile parts were prevented by 
the prefiiire prefent, ftilL its principles miift, un« 
der fuch a heat, have entered into new com- 
binations, by which their ftrudure mud have 
been altered, or, at all events, by the fufion or 
foftnefs of the ftone on which the vegetable 
matter lay, its figure muft have been changed. 

Among the bituminous substances. Coal is 
brought forward as affording a proof of the ig- 
neous origin of foi&ls. Inftead of doing fo, it 
will be found, like the preceding examples, to 
afford the ftrongeft objedtions to the Huttonian 
faypothefis. 

From the nature of thi& fubftance, and the 
appearances of its ftrata, there can be little 
doubt that it is principally of vegetable origin. 
The moft probable theory of its formation is, 
that vegetable matter carried to the fea, has, 
by the diredion of currents, b^en depofited in 
banks, and that during this fubmerfion it has 
fuffered that 'flow kind of decompofiti(m by 
which the greater part of its principles have 
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teefl CTbl^e^i k* fte^ combiirations^ while ita 
carbon, with a portbli of hydrogen, have re-^ 
mained ; and thi&, tnixed with more or lefs 
eanhj matter depofited at the fame time from 
the ocean, has in ks foft ftate b6en confobdated 
by the foMre of ^i^gation, and has formed 
coal. The de€om|K>fition by which this has 
been effeAed, is probably analogous to that 
iVhich we know animal matter, when: immerfed 
in Water, fufFers. Its hydrogen, azot, and oxy-- 
gen, enter into various c6mbinatiok)8, forming 
g&fes whfeh efcape ; and its carboki retainingi 
hy a chemical attradiott, a portion of hydrogen 
in combination, rettiains, forming a fpecies of 
fat. Carbon is ftiU more abundant in vegeta« 
ble than it is in animal matter ; and this confli*- 
tntes the principal difference between them. 
Vegetable naatter, however, is liable to iimilar 
decompofitioiis ; and under the drcumfliances 
pointed out, it is reafonable to believe that 
changes of a iimilar kind, modified as to the 
refult by the difference in the proportions of its 
principles, will take place : in other words, its 
refidue will be niore carbonac^eous, but ftill 
with a' proportion of hydrogen, fo as to render 
it" more or lefs bitumtnous. We accordingly 
find, that wood,, by inimerfion in water, be- 
comes firft brown, and then black ;' and the lig- 
neous fibre, by flow decompofition, is com 
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pletely converted into a black mould, in which 
carbon predominates. It is eafily conceiv- 
able, that this procefs being carried on under 
different circumilances, may proceed with va- 
rious degrees of rapidity, and to a greater or 
lefs extent. Hence will originate different va- 
rieties of coal, fome being much mpre carbona-* 
ceous than others, while their compofition is 
alfo varied by the different quantities of earth 
depofited during their formation. 

It is not improbable that fome fpecies of coal 
may likewife have a different origin. It may be 
fuppofed, and indeed mufl be, that carbon, in 
common with other fimple fubftances, exifted 
in the chaotic fluid ; and this carbon, combined 
with a portion of oxygen, may have formed a 
variety of coal which was precipitated. This 
probably forms the coal, which is infufible and 
very little inflammable, the mineral carbon, or an- 
thracite, and which is confidered by many miner* 
alogifts as very remote from a vegetable origin. 
From its analyfis it does not appear to contain 
any bitumen, its principles, according to the 
experiments of Dolomieu and Fanzenberg, being 
pure carbon, or at lead oxyd of carbon, filex, 
argil, and oxyd of iron * : and it is obferved by 
Dolomieu, that this foilil, as well as graphite or 
plumbago, is found in the primitive mountains^ 

* Brochant, t. 2. p. 8l. 



^tmhViy in teins. The fuppofition offered re^ 
ipeding the origin of this variety of coal, is alfo 

l:onfirmed by the faft, that carbon is found more 

» - 

or lefs oxyddted in the compofition of fcTeral 
primitive foffils ddd rocks. 

Dn Huttod, however, ^onfiders coal as a fub^ 
ilanee formed by the opieration of fubterraneou^ 
fire ; and fuppofes that there are feveral appear- 
ances cbnne£l(sd with it, which prove it to have 
Jbad fuch an origin; It isi fomewhat difficult to 
give a clear ilatenient of his theory on this fub- 
je6l ; but it feeds to be comprehended under 
the following propOfitions : 

Hr/f^ It is conceived,- that ah intenfe heat hai 
been applied to vegetable matter at the bottom 
6f the ocean, and that at the fame time no great 
degree of prcffure haff been prefent. By thiai 
Operation the vegetable matter has been char»- 
ttdi or converted into one fpecied of coal, while 
the more volatile inflammable matter of the 
wood has been difengaged. 2dfy^ This volatil- 
ifed matter beihg of a bituminous nature, is fup- 
pofed to be diffufed in the ocean^ and to be 
^* employed in forming other ftrata, which were 
<• then dcpofited at the bottom of the water.'* 
To this would be «ddfed, " all the fuliginous 
^ matter that is formed in burning bodies upoo 
" the furface of this earth, which is firft deliver* 
•* ed into the atmofpherc, but ultimately muft 
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•* be fettled at theWttotn of the fea * '^ Anrf^ 
Iqftlj^ Anatber fupply of bituminous matter i^s 
derived from the vegetable fubftances diflblved 
or fufpended in the water of the rivers, and 
brought to the ocean« The bituminous matter 
from thefe fources is fuppoled to be precipitated 
either alone, or with a portion of fine earth, 
likewife fufpended in the water of the fea ; and 
this precipitate, being afterwards confolidated 
by fubterradeous heat, forms ftrata ^ pure fofi. 
fil coal. 

It would be an iricfome, and a very unnecef^ 
fary talk, to enter on the formal refutation of 
thefe various fuppofitions« A few obfervations 
on the moii palpable deficiencies of the theory 
will be fufficient. 

It may, in the firft place, be obferved, that 
there are no dire<^ arguments adduced to efta>* 
blffti the igneous origin of coal. The theory 
is attempted to be eftabliflied principally by aiu 
guments drawn from its conoedlion with other 
foflils, which it is to be proved have had an igs- 
neous origin. Thus, becaufe ** the beds of cod: 
** are difpofed in the fame manner, and are aU 
" ternated indifcriminately with tbofe of all the 
" fecondary rocks,** it is infenred that they 
muil have been formed by the fame operatioav 

* Theory of Ut Banfa, v»Ll.p.577. 



»nd that this has b^n fafion by heat, a conclu- 
fion founded on nothing peculiar to coafl \mt on 
the evidence refpefting the origin of thefe fc- 
condary rocks. They arc alfo faid to be " tra- 
•* verfed like the other ftrata by veins of all the 
** metals, of fpar, of bafaltes, and of other fub* 
•• ftanccs *.*' But here likcwife the argument is 
not direct, but depends entirely on its being 
proved that thefe veins have been formed by fu- 
fion. Laftly, the coal ftrata are faid to '* contain 
'' pyrites in great abundance, a fubftance that 
** is, perhaps, more than any other the decided 
"progeny of fire*/* But this, equally with 
the preceding arguments, refts on a proof with 
refpe£t to the origin of a different fubftance, — a 
fubftance which it will immediately be ftiewn 
there is every reafon to conclude has been form- 
ed in the humid way. 

From this ftatement, it is obvious that no di- 
re£t argument from the properties or appearances 
of coal, is adduced in proof of its igneous origin. 

Not only, however, is it unfupported; feveral 
of the fuppofitions it involves are highly impro- 
bable. Thus, it is imagined that a great part 
of the coal ftrata are derived from bitumen pro- 
duced either by the expofure of wood to fubter- 
raneous heat, by the burning of vegetable mat- 

• Ulufltat>oDf» 3cc. p. 33. 
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tcr at the furfece, or by the folution or fufpen, 
fion of the oily and inflammable parts of vege- 
tables in the water of rivers ; this bitumen from 
thefe fources being fuppofed to be difFufed in 
the ocean, and precipitated fo as to form flrata. 
But how is this matter to be colleded in one 
place, and, if coUeftcd, how is its precipitation 
^o be effcdled. It is lighter than water, cfpecif 
ally fea water : it muft therefore remain at tha 
furface, and no caufe can be affigned for its be-^ 
ing carried to the bottom. 

The peculiar modifications of preffure fupr 
pofed requifite for the igneous formation of cqal,, 
furnifh another argument againft the theory. 
*• It muft be confidered," fays Dr. Huttpn," that 
" while immerfed in water, and under infuper- 

V ableppmpreffion,the vegetable, oily, and refin- 
** ous fubftances, would appear to be unalterable 
" by heat ; and it i§ only in proportion as cer- 
*' tain chemical feparations talce place that thefi^ 
" inflammable bodies are changed iq their fub.^ 
" fl:ance by the appjication of heat. Now, the 
" moft general change of this kind is in confe- 
** quence of evaporation, or the diftillatipn of 
" thejr niore volatile parts, by which oily fub- 
1' ftances bepome bituminous, and bituminous 

V fubftances become coally *." This, then, is 
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tbe fuppofitioa which Dr. Hutton choofes to 
make, and which, indeed, appears to he a necef- 
fary one for his theory, that coal is formed hy 
heat applied to vegetable matter under different 
degrees of prefiure, the difference in this refpe<3: 
producing a difference in the refult, but that in 
all cafes the preffure mufl be fuch as to allow of 
fome feparation of volatile principles. 

It might be granted, that this abfence or di- 
minution of prefiUre niight occur in certain fi- 
tuations; but how does it happen that this in- 
difpenfable condition ihould invariably be found 
in the fubterrani^n regiops, when h^at is to be 
applied to vegetable matter. If the ufual pref- 
fure were prefent, that matter, according to Dr« 
^utton, would remain unchanged with refpeiS): 
to compoiition by any heat ; but, in nature, we 
meet with no coUedions or flrata of vegetable 
matter in this peculiar flate, in which they have 
buffered heat without being changed, yet, furely, 
fince heat is applied to all the other flrata under 
imjnenfe preflur^, it ought alfo to have been oc- 
calionally applied under a fimilar preffure to 
the matter of coal. The key to this apparent 
myflery is, however, eafily found. ' The coin* 
mon flrata are fuppofed to have been heated 
under an immenfe preffure, which is not in any 
cafe fuppofed to have been abfent, hecayje the 
prefenpe of that prelTqrp is necelTary, in man;|f 
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tftfes, to obTiate certain objeAions to the Tup* 
pofition (c^ their igxieous origio, and, in all, an 
uniformity is, if pofiible, tp be prefervcd. The 
matter of coal, again, is fuppofed to have had 
Heat applied to it always under a diminiflied 
prefiure, becaufe that circumftance is necefiary, 
in the Huttonian theory, to account for its for* 
nation. The bare ftatement of thefe accommo* 
dating coincidences is fufficient to prove that 
they are merely fiAitious, and that thefe are 
fuppofitions arbitrarily made, becaufe they are 
neceflary in the theory. 

Another difficulty may be ftated againft this 
hypothefis of the formation of coal. Pyrites, 
or fulphuret of iron; is fuppofed to be formed 
by heat, and this heat is fuppofed to have beeq 
applied under fuch a preiTure, as has prevented 
the fulphur, which is a very volatile fubftance, 
from having been driven off froin the iron. 
Since pyrites occur, therefore, fo abundantly in 
coal, a dilemma is prefented to the Huttonian 
geologift. If he fuppofe the vegetable matter 
of coal to have been fufed under an immenfe 
preflure, capable of refilling the efcape of its vo- 
latile parts, he contradicts the author of the 
theory, who tells us, that under, fuch a preffiir?, 
that matter could not have been formed into 
c^>al, a propofition which, according to his hy- 
pothtfis, appears to be perfedlly juft. If he fupT 



pole the heat to have beefi ap^ied under a dimU 
nUhed pr efiure, fo ae to allow of the decompofi- 
tion cf the vegetable matter, and the expul&oxi oi 
\t% volatile principles, he will have the ta(k of ex- 
plaining how, in fuch a fituation, pjrites could 
be formed and cryftaliixed. Nay, the difficulty 
is flill greater, for this fubftahce is found in that 
(pecies of coal which \b little infiaimnable, and 
' which, according to the Huttontan theory, is 
fuppofed to have had heat applied to it uadev 
fo little preflure, that all its bituminous matter 
had been expelled. Mr. Kirwan relates, that 
the Kilkenny coal, which is of all others the 
tnoft completely deftitute of bituminous matter, 
contains pyrites^ ; and Dr. Hutton himfietf mea« 
tions a fpecimen being in his pofiefion of plumi- 
bago, (which he confiders as the laft of tbe 
feries, or as coal completely deprived of bitu*- 
men) iludded with pyrites f . The explaaafiioR 
of thefe appearances, according to tbe Hutto- 
nian fyftem, involves a dired contradidion in 
terms. To account for the formation of this 
fpecies of coal, it is faid to have been fufed with 
an entire abfence of preflure, fo that all its bitu« 
minous matter has efcaped. Pyrites, agaiq, is a 
fubftance faid to be formed by fufion, but un- 
der a ftrong preflure, by which its fulphur, a 

* Geological ElTays, p, 473. f Theorj of the Earth, vol. i. p» 6id. 



fubftance at leaft as volatile as bitumen, is kept 
in combination with the iron. It would, th^sre^p' 
fore, according to this theory, be impoflible that 
coal of this kind and pyrites ihould exift toge- 
ther, the circumftance fuppofed necisfiary for 
the formation of the one, being that which mufl: 
inevitably have deilroyed the other* 

A fimilar argument, equally forqible, may be 
deduced from the conn^dion of limeflone with 
coal. No arrangement is more pommon in ge- 
ology than that of limeftone alternating witl| 
coal, or covering it. The formation of lime- 
ftone, in the Huttoni^p fyftem, is afcribed Ito 
fufion, under vaft compreffion, by which the 
carbonic acid has been retained in combination 
with the lime ; and the advantage which the 
admiifion of this modifying circumJdaiice gives 
to the Huttonian geologift in his reafonings, is 
very amply, peiiiaps oilentatiouily difplayed in 
the defence of the fyftem. It is always ad- 
mitted, however, that but for this circumftance 
of comprellion, the confolidation of limeftone 
by fufion could not be accounted for. The 
formation of coal, qn the other hand, it is con- 
tended, cannot take place but when preiTure is 
diminifhed or withdrawn. When limeftone 
covers cQal, it caq have been confolid^ted only 
by the heat operating through the coal. But 
j|f preflure were prefent on the limeftone abov^, 
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Jiow could it have been abfent firom the coal 
beneath? To fuppofs this is a palpable ab- 
furdity- } and therefore, were the Huttonian the,, 
ory true, either the coal fliould not have been 
formed, or the limeftone fhould have been con^ 
verted into lime. 

Among the saline substances, Rock Salt is 
adduced as affording an argument in favour of 
the Hattonian theory. This fubftance is found 
generally in Itrata, and it is perfedly compad: 
and indurated. This date, it is faid, could not 
be produced by cryftaliiiation from water; a 
mere afiemblage of loofe cryftals, without foli- 
dity or cohefion, only could be formed ; and 
to convert thefe into a firm and folid rock, 
would require the application of fuch heat as 
Ivas able to reduce it into fiifion. '* The con- 
!* folidation of rock fait, therefore, cannot h^ 
f* explained but on the hypothefis of fubterra- 
*^ neous heat*.'* 

The Neptunift will find no great difficulty in 
obviating this argument. If the cryftallization 
has, from alteration in the circumftances of the 
folution, been hafty, it is conceivable that^ in- 
Head of an afiemblage of fmall regular cryftals, 
large and compadt cryftalline maflcs might be 
formed ; or even if the fait firft depofited had[ 

* lUuftrationt, ficcp 
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99t been fteffed}^ ootnpa^, its oonfoUdation 
might t>e oompleted by the ^rcolation of ivater 
balding fklt in (ohtim tbirougfa it, Sind depofit- 
mg tbat i^t m its poree^ 

It iSeems to be alto^tber inconceivable, how 
the formation of the immenfe firata of fea &it 
found in nature, can be accounted for on the 
Hxittonian bypotheSs : AU it$ ufual principles 
mv& in this cafe be reiinc[ui(hed as utterly unte<« 
nable. It cannot be fuppofed that this fait is 
^rived, Uke the materials of all the other ftrata, 
firom the difintegration of an ancient world ; 
for allowing that ilrata of fait exifted in that 
world, and that thefe had fiiared in the general 
dtfintegration, the fait muft necel&rilj have 
been di0blred by the water of the ocean, to 
which, in common with the other materials, it 
was carried : And how, therefore, could it be 
depefited, fo as to be fubjeded to the action of 
fubterraneous heat ? This is in &t£k acknow- 
ledged to be a cafe which cannot be explained in 
conformity to the general theory, and therefore 
a different hypothefis is propofed. *^ If the ope- 
^^ ration of fubterraneous heat he admitted,'' fays 
Profefibr Flayfair, ^^ it appears poffible, that the 
^' local application of fuch heat may have driven 
^*' the water in vapour from one place to another; 
** and by fuch adion often repeated in the fame 
" fpot, may have produced thefe great accumula- 
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'* tionsr of falme miatcer tbiat «te ax^oatly &cmd;fli 
•* the boweh of the earth *." 

This hypothefis refts on a feries of gracuitods 
aflumptions, fo extravagant, tha^tr, though one 
were admicted, the combination of the iTvhole, 
sind dieir adaptation co> each other^ may be rcr- 
garded as impolRble. By what caufe; it mccy 
be aiked, was. the central heat dired^d in^ m 
operation to this particular fpot ? Is it conceive 
abte that any heat which it is poflible cootd 
have thu& been locally applied,- would be fuAfe- 
oient to convert the whole water of the oceiaii 
inoumbentuponit into vapoury fo as to occaficm 
the preoipitatioa of its faline matter ? By whaft 
caufe had this beat, after ptoducing fuch an eS- 
fed, ceafed to operate, fo as to allow the (ea 
again to cover the place from which ithad beefi 
dri^^en^ ? And how fbould this heat have again 
been brought tt> ad precifely on the fame fpot 
with the fame force, fo as^ to convert the fea in* 
to vapour) and occaiiona new confolidation of 
itd fait, and that repeated even for a number of 
times ? Any of thefe fuppolitions is fo romantic 
as to be fufficient to in validate . any hypotheiis 
in which it is received ; but the combination 
fo far exceeds' the bounds of probability, that 
perhaps this might be feledisd as not inferior in 

* IUuftfatiom> &c. p* 37. 
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(ilttaVai^ahce to any of thofe fuppdiiiidns whicft 
have been made in a fcience celebrated as geou 
logy has bten, for the wanderings of its cultivsi-^ 
tors beyond the regions of fober reafon. 

It is» perhaps, unneceflary to add thbfe fads 
which ferve to refute fucb an hypothefis. It 
may be obferved, however, that were it true, rock 
faltfhould not contain the water of cryftallization 
it does } it owes its very formation to a heat 
capable of driving off in vapour the immenfd 
quantity of water in which it was difiblved^ and 
of courfe this heat fliould have driv6n off thd 
water it might be difpofed to retain. If it had 
been formed in this manner, the remains of ma« 
tine animals fliould be abundant in it, whicli 
they are not ; and laftly, the faline matter dej. 
polited fhould have been precifely that which 
fea water holds diflblved, muriate of foda with 
muriate of magneiia, and fulphate of lime. But 
we find rock fait fo little contaminated with theiJEl 
other falts, as to be purer even than the fea fait 
obtained by artificial evaporation. This laft fa& 
at once demonftrates the fallity of the hypothec 
iis ; for it is too plain to require any illuftration^ 
that if the fea in any part had been converted 
into vapour, the matter depofited mud have been 
a mixture of all the falts it held diflblved. 

It may be difficult, even on the Neptuniad 
tj^eory, to give a fatisfadlory explanation of the 



origin of rdck fait ; but there are no appeaibnceS 
in this foffil inconfiftent with the fuppofition of 
its aqueous origin. The Neptunifts have fup- 
pofed, that it may have been formed by collec- 
tions of the original Tea water in hollows^, among 
the ftrata, having fuffered evaporation during 
the temporary retreat of the ocean, and that 
thefe having been fucceffively filled, have fur^ 
nifhed the ft rata of rock fait. But it is a ftrong 
objeftion to this, and all other theories which 
derive it from the evaporation of fea water, that 
it does not contain the faline fubftances which 
are diflblved in that water, or at leaft does not 
contain them in the due proportion, and that it 
contains fewer remains of marine animals than 
we fhould expert, had it had fuch an origin. 
Perhaps we may fuppofe, that the faline fub« 
fiances, in common with others, had exifted in 
the original fluid in which all the materials oi 
the ftrata were diflblved, — that part of thefe be-i 
ing locally accumulated, in the fame manner as 
the materials of every other ftratum have more 
or lefs been, from circumftances whi^h we can- 
not determine, had been confufedly cryflallized; 
and that any remaining portion had been retain* 
ed in folution by the water, thefe falts of courfe 
remaining in it, in encreafed proportion which 
were leaft difpofed to cryftallize. Such is the 
muriate of magnefia ; and it is not impoffible 



Jbtrt that eveif tmich of the mariate rf (bdat mrv* 
fouimt m fcia; Wat^r, may have been redifibked 
ftorti ftrata formed. Or we may modify this 
explat)atioD; by the equally proba:f)le fuppx^fi-^ 
tion^ that at fkft the foda aind the mtnriatic acid 
of the fait bad not been in Gombinatioi)^ but 
that, in the oouife of ther vdrfftyus alteratitms 6f 
att^a^^ioi^s from the pt^ecipitation^ of the ftrata^, 
they had' been brcniight tog^thi^r, hafdf unitiedv 
£Lnd if locally acctimulated, ciy (talliled. StKfh 
afuppolkioo receives confirmatioto'frcmi tfaefa6f» 
that in- many of the firata, in trap for example; 
dcdording to the excellent e:}tperinients of JH. 
Kdniiedy, both fodd and muViatio acid esnft; 
snd fea fait itfelf i^ found fom^etimeff among: prr* 
mary ftrata. 'thh general hy{)othefi&; modified 
in ctither erf thefe Way^, involves m)' improbafbK 
fiippofitioDS, and ii^ pei4iaps adequate to the eii^ 
planation of th^ pirodwSiiion bif thi^ foffil. 

Another Mine fubftance, a variety of cSibdi. 
nate of foda found in AfHca^ is ^tteS by Bn 
Hutton a^ affording a> proof of donfolidatidA 
from fufion. Thi& fubftance ig fu{(pofed^ to^haYe 
been part of the contents^ of a vein; ^t it hM a 
ilony cruft adhering to one fide of it;' it ha9 a 
fparry (hriidlure, aild' contains only aboiie oAe^ 
fixth of the qiuantity of water of cryftdflltiarion 
contaii^ed' in the ufual cryftallixed^ ftaf ^- of this 
fait. It is this lad: circumftance which te eofi- 
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MtteA M tiibfdtiig d ptDc^ that this Mt has not 
onginated fronk water. 

We are not told m what manner thk &k 
tsAght be fu|>pofed to be foiled acxording t6 
Ibe Huttbniah fjibeiA, and it ieems impofKbte 
to give^ aceording to the principles of that 
fyftetn, any eJgpSanittion of its otigiil. Every 
fubftance compofkig any fblid part of th& fur^ 
&ce of the globe, is fuppofed to be derived front 
the waftt of a fortilet world, and to have been 
depoliled from the fea« But fUppofe carbonate 
of foda to hWve ^xifted in the ftrata of the fdr» 
Dfier world, when diflblved in the waters, and 
brought to the fea, it mufl have remained dif- 
folved, and have been diffufed through it In fuch 
a inanner as, from the fmall quantity of it ap- 
parently enifting in nature, not to be capable 
of being dlfcovered ; and no caufe can be ima- 
gined, in conformity with that fyftem, by which 
it could be precipitated. Even the theory which 
is eraplOye<i for accounting for the produdtioll 
of fea &lt, extravagant as it is, cannot be applied 
in the prefent cafe, for, if the fea water, holding 
the carbonate of foda in folution, had been ex- 
pofed to a local heat capable of converting it 
into vapour, and of thus precipitating what was 
diflblved in it, it is obvious that pure carbonate 
of ibda could not have been depofited, but 
mult have been mixed with muriate of ibda^ an4 

0. 
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every other fubftailce which ^ the fea water had 
held in folution ; or rather, if it ever had been 
brought to the fea^it mud have immediately been 
decompofed by the muriate of magnefia prefent. 
and could never h^ve exifted. in the waters of 
the ocean. The Huttonian theory is therefore 
adlually incapable pf . affprding a fup{>ofitioD, by 
which carbonate of foda, as a foffil fubftance^ 
could be formed. Mr. Kirwan adds, as a proof 
that it has npt been fufed, its containing fome 
grainy. of fand, wbjch would necefrarily, in fucb 
a cafe, have been vitrified. And were it fup<^ 
pofed to have been in fuQpn, it would require, 
to be explained how the preflure was fo nicely 
adjufted as to admit of the greater, part of its. 
water of cry ftallixation being driven off, while 
none of its carbonic acid, ev^n though it be 
fuperfaturated with it, and pf cpurfe retains the 
expefs by a very weak affinity, ^ad been expelled* 
The produdion of this fait, if it really be part 
of a vein, may be explained on the Neptunian 
fyftem by a iimilar byppthefis to that propofed ; 
to account for the formation of rock fait, an4 
fropi its^ hafty cryftallization, or its fuper-fatura-^ 
tipn with carbonic acid, (which, from its analy« 
fis, is found to be the cafe,) the diminifhed 
quantity of water of cryftallization in it may be 
accounted for. If the fad, however, be true, 
wbiph Bergman ftates^ that the carbonate of fpi? 
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da found in the earth, both in India and Africa, 
is free from common fak at the furface, but be- 
comes contaminated by it as it defcends deeper, 
it is probable that this fait may have been form- 
ed at the furface from the decompofition of mu-. 
riate of foda by fpme unknown power, and from 
this mode of formation its containing lefs water 
of cryftallization might arife. 

In concluding this argument with regard to 
the faline fubftances, the formation of one of 
them wluch is' not noticed in the Huttoniah 
geology, gypfum or fulphat of lime may be 
dated. This fait is foluble in 500 times its 
weight of water ; of courfe, had it exifted in the 
ancient world, and been brought by difintegra-i 
tion to the ocean,it mufl have remained diflblved 
in the water till that fluid was faturated with it; 
and there probably does not exiil in nature a 
quantity fufficient for that purpofe. It would 
then remain to be explained how it could be 
colledted in particular places, and be precipitated. ' 
The theory, applied to the formation of fea fait, 
will here be of no avail ; for fliould we fuppofe 
it prefent in a large proportion in fea water iq 
a particular place, the evaporation of that water 
could not account for its confolidation, fince it 
muft have been accompanied with fea fait, a 
fubftance of which, according to the experi- 
P)ents of Sauflure, gypfum frequently does not 
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corit^iti an atdsi. This, therefore, is tnodiir 
Ibffil, for the fortmaititm of which the Hattosiiati 
theory cannot account. Its origiti, oti Ncptq* 
liian principles^ may |>robably be expialned iU 
the fame manner as that of rotk fait. 

Th^ ftate in which the mstals are found in 
patupei either pure or fjombioed with other fab-* 
fiances, appears to afford a flrang argument 19 
favour of the Huttonian hypothefis ; for the 
jBuidity fjrom which they have confolidated may 
have been produced by fufion, but we fcarcely 
cap point out by what folvertt it could have 
been effeded* Gold, filrer, copper, and folne 
others, are frequently found native or utitcmi^ 
bined. ^* Of all Cuch fpecimeps it may be fafe* 
** ly afSrmed;» that if they have ever bcfct> fiuid^ 
" or even foft, they muft have been fo by the 
** adion of heat ; for to fuppofe that a metal bai 
'* been precipitated pure and uncombined froti| 
^* any menfiruum is to trefpafs againft all anah>- 
** gy, and to maintain a phylical impoffibility*.** 

The aiTertion in this paragraph is much flronger 
than what the fads^ can eftablifli ; for although 
it may be difficult to point out the mode in which 
metals have aduaily been precipitated, yet thei r 
precipitation frotn any menflruumi fo fdt from 
being a phy ileal ihipoffibility^ is what htfppenf 

* Illoftrations, &c. ptjp. 



f 

eterjr ifLJ; aad ctn be effefted at pleafure« 
Metals in a ftat^ of combination wijtfa acidsj 
ftf>d in folution id water, are thrown down m 
their metailic ftate by each other, by hy- 
drogen, ^uipharated hydrogen, and Yarioii0 
other inflammable bodies. The Neptunian will 
readily acknowledge, that it is extremely diffi- 
cult to poinc o^t, even by hypothefis, bj 
Vfbat particular agency the metals found in na*- 
4iice had beefi diflblved and precipitated, but 
ac thje fame time he has ample demonftration, 
diat it is i» this way, gnd not by fufion, that 
tiw^ ha^ been foraied. 

This proof iA obtained fixMii the cryftailixe^ 
Hale in which they are frequently (Sounds ^ Spe- 
^ cioaeos of 4|iiiart£,' 4:ootainiiig gold and iOver 
^ diooting through them, mmh thU <noft beauti* 
^* &1 aiid taried ramifications, are ^very where 
^ to be fiec with in the cabi»et<$.of the curios, 
^^ and contaid in their fttudui^ the cleareft proof 
^ €hat tbtt metal and tiie quartz have been both 
" foft, and h^ve cryftatfliaed together */' 

It may be pronounced a phyfical imtpoflibili* 
ty, chat from fimpk fi^on quart! and gold, of 
quartz and filver, could cryftailize together fo 
as to esjhibit tbeie appearances. Tbeie metals 
lira fiifed at a he^t, which, compared pyen with 
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the degrees of heat we have it in our p'ower to 
produce, may be termed very moderate, while 
quartz we are unable to fufe. If, therefore, both 
fubftances were in fufion, on a reduction of tem- 
perature, the quartz muft have become folid long 
before the metal ; and it is abfolutely impofiible 
that the metal could have ihot through the 
quartz. Or, to place this in a jpoint of view more 
precife, gold melts at a temperature equal to 32 
of Wcdgewood's pyrometer, and at all tempera- 
tures above this it mud remain fluid : Quartz 
does not melt at the higheft heat that has been 
accurately meafured ; but, according to the eit- 
periments of Sauflure, it is not lefs than 4043 
of .Wedge wood's fcale, and confequently at every 
temperature below this, muft continue folid.-— 
Grant, therefore, to the Huttonian, that both 
quartz and gold were in fufion, it is evident that 
on a redudipn of temperature to 4000, the 
quartz would become foiid, or cryftallize ; but it 
is equally certain, that at this temperature, and 
for more than 3900 lower, the gold muft re- 
main fluid : the fuppofition, therefore, that the 
gold could become folid, and fhoot through the 
fluid quartz, involves a diredl contradidion in 
terms, or fuppofes a phyfical impoffibility ; and 
of confequence, the various appearances in thefe 
fpecimens which prove that the metal and quartz 
had cryftaUized together, or that the former had 
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Ciyftallized firft, prove, as much as any pheno* 
mena can, that tbefe cryftallizations could not 
be from iimple fufion. It will not furely be pre- 
fumption to afSrm, that if this be not admitted 
as an undeniable conclulion, as affording even a 
demonftration as certain as any can be, all rea- 
foning on the fubjedt muft be given up, for it is 
impoflible to conceive a propolition more evi** 
dent, or the reverfe of which involves a more 
palpable contradi<^ion in terms. The ftatdment 
of thefe fads, as favourable to the Huttonian 
fyftem, affords a ftriking example how far the 
mind may be mifled by a favourite hypothefis, 
the very appearances which prove its/aliity be« 
ing adduced as proofs of its truth. 

One mode might perhaps occur in which it 
might be attempted to remove this difficulty. 
It may be conceived, that the quartz hsid firft 
become folid, and that merely the fiifures of 
it had been filled with cryftallized gold. But 
fuch a fuppofition has been very clearly refuted 
by Mr. Playfair himfelf. '* Between the channels 
in which the metal pervades thq quartz, and 
the ordinary cracks or fiflures in ftones, there is 
no refemblance whatever ; a fyftem of hollow 
•* tubes winding through a ftone (as the tubes 
*' in queftion muft have been before they were 
** filled by the metal), is itfelf far more incon- 
'• ceivable than the thing which it is intended 
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*/ to explftin ; and laftly, if the ftonc ^ras per* 
'* forated by fuch tubes, it would dill be infif- 
** nite to one that tbey did not all exadly jom^ 
^ or inofcul^te with one another *." 

TbQ conclufion which may be drawn from 
tl)is arguipent U fomewhat fingnkr : The ftrong" 
er the objection is ftated, and it, cannot be more- 
ftrongly urged thjin it has been by Ptofefibr 
Flayfair, the more favoumble on the whole is 
it to the Neptunian fyftera. Let it be pl^oe^ 
in the cleareft light, fuppofe it even to be fo 
ftrongly urged, that the Neptunift is unable to 
give any probable, conjedture as to the modkc ia 
which th^ metals have been formed by foltt«- 
tion ; what is the fair conclufion ? It is, chat di£- 
flpulties of this kind are infeparabte from the 
fubti^^» ^^ rather from our imperfect knowledge^ 
^nd Rr^ therefore comparatively of little ifnponu 
anc^, if they do not involve inconflftendes with 
the principles of the theory, or with eflabliihed 
fa£^s. From the appearances of the metals, from 
the dilTemination of cryftallized gold in quartz 
alone, we have a clear and unexceptionable de- 
monftration that they do not owe their origin 
to fufion. No other mean can be pointed out, 
or even imagined, but folution ; it has already 
been pointed out, how from folution fimultane- 

* Illuftrations, &c. p. a4i. > 
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oiH coafolidation ixught take place ; and it is fu& 
^ientiy obvious, that though quartz is lefs fii^ 
HWe than gold, and muft therefore confolidate 
lielbre it from fy/Son^ it might be more iblubfe 
Ifi the menfliruum in which both were difiblred, 
and might therefore remain fluid while the gold 
cryftallized ftom filuHon. But were it eren 
impoffible to conjedtuve how they fhould have 
cofifoiidated from folution, ib as to produce the 
appearteces obferved, the conclufion muft ftiH 
1>e drawn that they had been formed in this 
in<^de ; £m: on ^e one hypotbefis we ihould 
have only a deficiency of explanation, in tb^ 
other, a dxwEt and positive contradiAion to an 
^ia>lifiied truth. 

This proof of the aqueous origin of metals is 
therefore capabli^ of being carried a gpeat length, 
iQfice there are certainly no foffils which at firft 
view would appear lefs likely to have been 
formed by water. It alfo of itfelf eftablilhes a 
iimilar origin to almoft every other mineral, fog: 
the metals are fo intimately conneAed with fp 
many of them, with quartz, carbonate, and fluate 
of lime, fulphate of barytes, and many others, 
that whatever has been the origin of the one, 
miift have been the origin of the other. 

There are fome other fa<as refpeding the na- 
tive metals, cited as proofis of the Huttonian 
theory, particularly tb^ large fpecimens of iron 
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found native in Siberia and Peru. The rooA 
remarkable circumftance with regard to thefe 
malSes is their largenefs. That fdund in Siberia 
weighs 15 tons, and is foft ahd malleable. The 
American fpecimen i^ alfo very large, and there 
is a peculiar appearance conneded with it/— the 
impreflions of the feet of naen and birds cm its 
furface. Thefe mafles are concluded id have 
been formed by fufion, and to have been part 
of the contents of a .vein wafted away, from 
which, the iron being the more durable fub.% 
fiance has been left on the furface of the ' 
ground. 

In confidering the lingular circumllances at^ 
tending thefe mafles, what would one conclude 
Ivho was guided by the common rules of rea* 
foning. He would infer merely that their ori^' 
gin was at prefent inexplicable. The defender 
of the Huttonian theory purfues a different 
mode; becaufe it is inconeeivable, as he ima* 
gines, that they could have been formed by 
precipitation from folution, he therefore, con- 
cludes, that they had been formed by fire, and 
brings them forward as proofs of his fyftem. 
With regard to the very peculiar circumftance 
attending one of thefe mafles we receive no 
information ; we are not told how birds and men 
found their way to the central regions, and left 
the impreflions of their feet on the fufed iron, 
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but the obfervation is merely made, that fudi 
circumilances " are not to be accounted for oil 
" any hypothefis, and certainly require more 
•* careful inveftigation *." The conclufion would 
have been more accurate that they demonftratd 
that thefe mafles could not have been formed 
by fuGon and injedion. The fa£l: might be 
fiated as a fingular one in a fyftem of natural 
hiftory, but in reafoning on a theory of the 
earth, it ought while involved in fuch obfcurity 
to have found no place, far lefs fliould it ever 
have been brought forward asa prpof of the fa<* 
fioD of minerals. 

The native combination of metals with ful- 
phur, affords another argument to the Hutto- 
«ian geologift. It is obferved, that neither the 
metal nor the fulphur is foluble in water ; and 
that the metallic fulphuret, even when formed, 
is decompofed by water, while, on the other 
hand, fulphur, and the greater number of the 
metals, can be fufed and combined by heat. It 
is hence concluded, that pyrites, and other na- 
tive combinations of fulphur with metals, muft 
have been formed by fuiion, atid this conclufion 
has been employed as an argument to prove the 
igneous origin of a number of foifils in which 
thefe fiilphurets are found. 

* lUsilrationc, &c, p. 440. 
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The argismcnl:, a priori^ lliat fjrtibid cafiflot 
ht formed ia the humid way, becaufe neidief 
ti]ue falphur oor the metal ia fohible io water^ 
la founded oo .an erroneous cooclufion ; for, 
gcanting the fad, each might have heen Goaa<r 
biaed with other fub&ances which would tta^ 
der them foUible, and, in this ftace 6f ibliitioin^ 
they might, from the cheaiucal a^iniij fubfiftiag 
between them, leave ^ fubfiances wofth which 
l^ej were united, and combine together. This 
a&ually happens va the example of fulphurate<l 
hydrogen, with a number of the melatiic iaits 
or oxyds. If this compound of hydrogen and 
fulphur, be introduced into a folution of aoy of 
the falts of lead, the hydrogen combines witb 
the oxygen of the metallic ozyds, and die lea«l 
combines with the ful, hur, forming a com- 
{loofid which, accordifig to the obfervatioo o^ 
¥auqueUn, has all th^ properties of g^em* It: 
is not eyeo neceflkry that the metal ibould he 
pombioed with an acid, for if humidity be p^ap^ 
^nt it will be o^ydated, ajad upQO this oxy4 
$he {julpfaurated hjdrogen is capable Q^'^Smg 
find producing a metalhx; compoutud* or the ikm^ 
fubftance is even capable of a^Sting on the pwf 
fljetals. 

This argument mull be admitted as perfe^ 
ly conglufive, when it is proved^ that pyrites, 
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Mtd Other cdmpodnd^ of the met ftk with &l[ftQr; 
ttt Cbtmcd bj i^atwe iii the humid way, and of 
thid the ^rooft nx^ nhxindMt, 

Thus pyrites k &tlnd if! dtualidiis which 
ckarty indi6at«; its a^ue^us fdrfnation. It t» 
iflbciftted with eakareous cryftals lining the ik^ 
t^mal cavity of (hetis, which could not hare 
b^^fi in fttSon, fined the heat hecefikry to fqis 
the pyrites, or the calcareous cryftals, muft have 
defttoyed the t^icture of the (heil,-^it is often 
to be traced in the ittipreffions of organic fub^ 
ftanceSf particularly of animal remains in coal 
and other fofBls ; it exifts in bituminated wood, 
whidh, it ttiuA be granted, could not have beeit 
fofed } and it has been found forming on the 
fvirface of wood, in mines, and in other fitua* 
lioiis^ which eftablifh the £ime conclofion, of 
which feveral examples are dated by Mr. Kir« 
wan *. 

The ob ervaiions of Mn Wifeman on the ef- 
fy&s of the waters of the Mere of Difs on mt^ 
tallic fubftances; and the farther experiments 
and obfetvations < f Mr. Hatchet, On the fame 
&bjed, are alfq particularly yaluable in proving 
the humid formation of thefe compounds. Mr. 
.Wifeman obferved, that flints^ and other ftones^ 
jinmer£fcd for fome tune in this ftagnant water^; 

* Geological Sflays, p 4C^ 
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i^ere incrufted with a metallic ftain« This, by 
analyfis, was found to be fulphuret of iron ; and 
when copper was kept in this water, it was en« 
crufted by a fubftance which was found to be 
compofed of 70 parts of copper, i6. 6 of fuU 
phur, and 13. 3 of iron. This encruftation was 
even found in a cryftallized date. Thefe experi- 
ments on this fubilance, and on the encruftation 
of martial pyrites on the flints, were confirmed 
by Mr. Hatchet. With refpeft . to the latter, 
he obferves, there could be no hefitation ; and 
the former he confidered as ** in every property 
** fimilar to that rare fpecies of copper ore, call-: 
" cd by the Germans Kupfer fcbwUrtze^ (cu- 
" prum ochraceum nigrum) and abfolutely the 
*' fame." At the defire of Mr. Hatchet, filver 
was immerfed in this water, and it was found to 
be encrufted with a fubftance " fimilar in every 
refpecS: to the fulphurated or vitreous ore of 
filver, called by the Germans, Glafertz." 
The fame diflinguifhed chemifl adds, that eflTefls 
fimilar to thefe, on a larger fcale, there is reafon 
to believe, '* have been, and are now daily pro- 
** duced in many places. The pyrites in coal: 
*^ mines have probably, in great meafure, thus 
•^ originated. The pyritical wood may thus 
^' have been produced ; and by the fubfequent 
♦' lofs of fulphur, and orydation of the iron, this 
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^ pyritical wood appears to have formed the 
*^ wood like iron ore, which is found in many 
*• parts *." Of the formation of metallic fuU 
phurets in the humid way, there can therefore 
be no doubt, and inftead of having any difficulty 
to encounter in explaining the origin of thefe 
fubftances, the Neptunift may juftly bring them 
forward, as affording a proof of his theory, an4 
a proof of conllderable importance, from the 
textenflve conneiStions they have with other 
foffils. 

If it were neceflary to fay more on this fub- 
jedl, which perhaps it is not, it might be remark- 
ed, that from the manner in which thefe com-> 
pounds are aUbciated with^ certain foffils, we 4 
have the fame demonftration as in the example 
of the pure metals, that they cannot have been 
formed by.fufion. Not only the fulphuret of 
ijron, but thofe of antimony, mercury, and filver, 
are frequently found cryftallized or difleminated 
through quartz and other foffils. Now thefe 
fulphurets are very eafily fufed, while thefe fof- 
fils are comparatively infufible ; it is therefore 
irapoffible that the former eould have cryftalliz- 
ed within the latter, or been difleminated through 
them, fince, to admit of its regular cryftalliza-' 
^op, or even of its diflemination in another 

P)iilofopJii»l Trajif. 1796. p. 567. 



Vody, that body xnttft hare afforded little o? n# 
yefiftance, or been Mtirdy fiuid^ or titxemel/ 
fbft i but quartz could not be fluid from fufioD, 
and at the fame time fulphuret of andmony oir 
mercury have been ibiid. 

The ft rudure and appearances of omusm as m 
fi[>ffil, have been brought forward by Dr» Hdt*« 
tbn as favourable to his hypothefis. There caa 
he no doubt that this rock has at one time- 
heen fluid. Its conftxtuent parts, partkmlafly^ 
the felfpar, and fometimes the quartz, are cfary*. 
ftallized, and it not uhfrequently contains other 
cryftallized foffils. This fluidity from which it 
has been confolidated, Dr. Hutton conceives U 
proved to have been that of fufion from the 
parts of the granite imprefling each other. The 
fpecies of graqite termed Graphic, is fliated, pair^ 
ticularly as eftablifliing this deduction. In it the 
fjBlfpar is cryftallized in its ufual rhomboidbl form, 
and thefe cryftals imprefs the quartz, put it afide 
as it were,, iind give it its particular fituation a^ 
long the fides of the rhomboidal felfpar. ** Hence 
*^ this granite is not a congeries of parts, whichi 
^* after being feparately formed, were fomebow 
'! brought together and agglutinated, but it is 
*' certain that the quartz at leaft was fluid when 
*^. it was moulded on the felfpar." And ♦• this 
•* fluidity was not the eflfed of folution in a 
** menftruum, fpr in that cafe one kind of cry- 
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*' ftai ought not to Jiiipteft another, but each 
'• of them (hould have its own peculiar fliape*." 

It has already been fhowh, how limultaneous 
cdnfbUdatioti may take place from folution ; 
and the ftrudlure of granite can, from thifi cir* 
cumftance, furnilh no argument againft its aque'*> 
ous origin. But it affords the cleareil demon-, 
ftration, that it has not been formed by fufion* 
Felfpar is a fubftance incomparably more fufible 
than quarts, the one varying from 120 to 150, 
the other being 4043 of Wedgewoods feale. 
It is a propofition, therefore, felf evident and 
undeniable, that in the fame mafs quartz could 
not be fluid when felfpar was folid; and therefore, 
fince in this graphic granite the quartz is moulds 
ed on the cryftallized felfpar, (and, in the great- 
er number of granites, the felfpar is cryftallized 
while the quartz is not) the fluidity whence 
both have been confolidated cannot have be^n 
fufion from heat. 

The force of this argument, from the cryftaU 
lization of felfpar in granite, may be eftimated 
by a very fimple confideration. If the appear- 
ance of this foflil had been the reverfe of what 
it is, if the quartz had cryftallized and fhot 
through the felfpar, would it not have been 
brought forward as a proof, or at leaft as a ftrong 

* IlInllratioDs, 6ic. p. 85. 
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prefumption, that both had confolidated. from 
fuiion ? Yet the fadl, as it is, is ftill firong^r in 
proving, that fuch could not have b^en th^ir 
origin, fince it is an evident impoffibility, that, 
in two fu^ft^nces fufed together, the moil fufible 
Ihould concrete before the one that was lead 
fufible, or required the greateft heat to keep it 
fluid. Had the former even been congealed by 
fome caufe, of which we can form no conception, 
the high temperature keeping the other, fluids 
mud have again immediately fufed it. 

Under this head may be noticed feveral fa(^s, 
affording an argument of a finiilar kind ; — thofe 
ill which foffils are regularly cryftallized, in 
Others which are much lefs fufible. Thus be- 
fides the cryftalli^ation of felfpar in granite, re- 
gular (ryflaU of it ^re not unfrequently found 
embedded in quart?., a proof which cannot be 
eluded, that the felfpar has b^conie folid, while 
the quartz remained fluid, contrary to what 
mufi: have happened from the known fufibilities 
of thefe fubftances, if they had cqnfolidated from 
fufion. Shorl is a fubftance of comparatively 
eafy fufibility, yet it is often* cryftallixed in 
quarts, the fibres of the (horl being finer even 
than tbe human hair, fliopting through a large 
^lafs of quartz in every diredion, and with vari- 
ous wavings and incurvations, fo as to prove 
decifively that the quartz had been completely 
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Uquid when the fhorl cryftallized. Afhellos is 
another fubftance found ihooting in the moft 
delicate fibres through quartz, though it melts 
at 378 of Wedgewood's fcale,. And, without 
enumerating more examples, micaceous (hiftus 
is a rock of very difficult fufion, yet it is the 
common matrix in which garnets are envelop-^ 
ed, and though thefe are much more fufible^ 
they are cryftallized in its fubftance with the 
greateft regularity. It muft be fuperfluous to 
repeat the argument from fuch fads. If they 
do not prove that thefe foffils have not been 
formed by fufion, no conclufion can be eftablifti- 
ed in geology, and we may relinquifli every at- 
tempt to theorife. 

Whin or tkap is a rock into which granite 
infenfibly graduates, fo that what is proved with 
refped to the one, may be confidered nearly as 
proved with regard to the other. There are 
fome particular fads, however, with regard to 
whin, which are fuppofed by the defenders of 
the Huttonian theory to prove its igneous origin. 

Whin, it is faid, refembles lava in its appear- 
ance fo much, that fome varieties of it have been 
miftaken for volcanic produds. This refem- 
blancc " leads to fufped, that the two ftone? 
** have the fame origin, and that as lava is cer- 
*? tainly a produdion of fire, fo probably is 
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" whinftone*." Any divcrfity exifting be- 
tween them confifts principally in whinftone con- 
taining calcareous fpar, which lavas do not ; and 
this diverfity is likewife explained in the Hutto- 
nian fyftem ; as this fubftance might b<? formed 
in whin, from the fufion of it haying been under 
an immenfe prefiure^ while lava, being in fufion 
expofed to the air, it muft have been decompof- 
ed. ** Thus," it is added, " whinftone is to be 
^ accounted a fubterraneous or unerupted lava ;; 
*^ and our theory has the advantage of explain- 
^ ing both the affinity and the difference be* 
'* tween thefe fiony bodies, without the intro- 
^* dudion of any new hypothefis. In the Nep- 
'* tjnian fyftem, the affinity of whinftone and 
^* lava is a paradox which admits of no folu- 
♦* tionf." 

To this argument it may be replied, that the 
mere refemblance in appearance between diffe- 
rent foffils is a very weak proof of a fimilar ori- 
gin, fince in many cafes clofe refemblances are 
to be traced between foffils altogether different 
in their nature. But were it a juft conclufion in 
general, in the prefent cafe it is not fo, becaufe 
the refemblance can be otherwife very eaGly ex- 

plained. It is extremely probable that lava 
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is formed from rocks of the nature of whin, 
fufed hj the Tokanic fire. It is apparent, 
from the defcripcions of Spallanzani, and other 
mineralogifts, that rocks of this fpecies are the 
bftfis' of volcanic countries: zeolite, leucite, and 
other foffils, ufually found in rocks of this order, 
are likewife contained in lavas, altered, but, ac* 
cording to the opinion of the bed mineralogifts, 
not formed by the volcanic fire. And, laftly^, 
the excellent analyfes g£ Dr. Kennedy prove 
the near refemblance in comppiition of trap 
and lava. They fliow, as he himfelf pbferves, 
that whins, and a certain clafs of lavas taken 
from remote quarters of the globe, confift of 
'^ the fame component elements united in each, 
^* nearly in the fame proportion. The only cir- 
'^ cumftance in which they materially differ, is 
" the lofs of fome volatile matter in the fire, 
^ which is peculiar to the whins alone." The 
conclufion, therefore, evidently amounts even 
to more than a high probability that lava has 
been formed from the fufion of trap ; and if this 
be true, the refemblance between them is no 
proof whatever of their having had a fimilar 
origin. Whatever may have been the origin of 
the trap,-— although it be of aqueous formation, 
k is perfedly conceivable, that if fufed, as none 
of its principles are loft, it might form a fub- 
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flan£e Very fimilat in its properties t6 the trarp 
in its original ftate. It is equally evident; that 
the difference between trap and lava, that of 
the latter containing no carbonate of lime, is on 
this fuppofition fully explained, fince, if the trap 
were fufed in an open volcanic fire, the carbo*- 
nic acid would be expelled from the lime. The 
affinity, therefore, between lava and whinilone, 
in fome points, and theit difference in othersf, 
are fully accounted for, ^Ad cannot be regarded 
as forming, " in the Neptuniati, fyftem*, a para-^ 
•* dox which admits of no folution.^* 

But there is a difference between thefe fub'« 
fiances not noticed by the Huttonian geologiit, 
and for which he will find it difficult to account. 
We ate told that trap differs in lava, in nothing 
but in the circumllances of their formation, the 
one having been melted matter erupted at the 
furface while fluid, the other having been thrown 
up among folid (Irata, and confolidated under an 
imraenfe preffure. Hence is explained the pre- 
fence of carbonate of lime in the one, while it 
is not found jn the other ; and it follows, from 
the opinion itfelf, that lava and trap fhould dif« 
fer from each other in nothing but in fuch pro* 
perties or appearances as are capable of being 
produced by the caufe thus fpecified. Will the 
Huttonian geologift then inform us why agates. 
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and thafles at veins of quartz, or even regukr 
cryftals of it, which are abundant in bafalt, are 
not to be found in lava ? The abfence of com- 
preffion coiild hot prevent their formation, or 
tender them more ready to be deftroyed if they 
were formed ; and it is evident that lava and 
ttap ought, according to the Huttonian theory, 
to differ in nothing but \t^hat this abfence of 
compteffion in the one cafe could occafibn. 

*rhe columnar ftrufture which the clofe- grain-, 
ed whin fometimes alTumes, forming bafalt, has 
been fuppofed a proof of its igneous Origin, be- 
caufe the fame flrudure, it is faid, is fometimes 
affuined by the lava aftually erupted from vol- 
canos. It is to be obferved, that in the greater 
number of lavas, cooled under evtty variety of 
fituation, either flowly by expofure to the ait, 
or riapidly by having flowed into the fea, this 
columnar appearance is not to be'obferved ; and 
many of the inftadces which have been given 
are ejctreriiely doubtful, from rocks not volcanic 
having been fo often confounded with lavas. If 
it be admitted that real lavas do fometimes af- 
fume a columhat form, (and fuch inftatices, if 
they exift, are extremely rare,) ftill thefe fadts 
clearly fhow that this has not been an effeft ari- 
fing from their fpecies of fluidity, or their mode 
of confolidation, as in by far the greater num- 
ber of cafes in which thefe caufes mull have 
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equally operated, it is abfent. Did it arife, ia- 
deed, from either of them, it ought to be ob- 
fenred ia almoft all the varieties of whio, and 
might even be expe&ed in the other unftratified 
tocks. It may therefore be afcribed with more 
probability to another caufe ; — ^the peculiar na* 
ture or compofition of the matter of which lava 
confifts : And if this, as there is every reafon to 
believe, be the real caufe, it is evident, that fince 
bafalt is perfeAly fimilar in compofition to lava, 
it might afiume the fame form in its confolida- 
tion from an aqueous origin : that, in 09iort| if 
the form do not originate from the mode of con- 
folidation, but from a property belonging to the 
fubftance itfelf, and originating in its compoll* 
tion, it may equally be exhibited by lava be- 
coming fohd from fufion, and ba&lt becoming 
folid from folution. It is not improbable that 
this property may arile chiefly from the predq- 
minance of argil in thefe foffils, as it is found to 
take place even in other argillaceous foffiK ^^ 
in the argillaceous iron ore, fome varieties of 
marl, and even fome of argillaceous fandftone, 
— fubftances, fome at leaft of which have evi- 
dently never been fufed. 

" A mark of fufion, or at leaft* of the opera.- 
* tion of heat, which whinftone pofTeifes in com- 
'* mon with, many other minerals, is its being 
" penetrated by pyrites—^ fubftance, as has been 
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aixetij Kemarked, that is of all others moft ex> 
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<:ltt6Tely the produdioa of fire ^/' The fape* 
rior probability of pyrites being of watery ori- 
pn baa beeo already fliown,^and of coorfe this 
&& becomes a firong argument for the aqueous 
formation of whin. A fimilar argument is that 
dierived from the prefenoe of agates in trap, thefe 
foffils being fuppofed to give indications of 
haying been forme'd by fire. This fuppofition 
has ahready been confidered, and the conchifion 
endeavoured to be proved, that, in common with 
other foifils, they owe their formation to the 
agency of water., 

The kft argument for the igneous origin of 
whin, which has not been noticed, is that de-* 
duced from the experiments of Sir James Hall* 
It had been often fiated, as an objedion to the 
opinion that bafalt was of igneous origin, that 
it ought to have a vitreous hiftre and frac- 
ture, fince from melting any earthy combina- 
tion fome fpecies of glafs is always produced; 
and fince baialt itfelf by fufion adiually forms a 
real glafs. Sir James Hall, by a number of ex- 
cellent experiments, has clearly fhown, that 
when this ftone is brought into fufiod, if the le- 
iirigeration of it be very flow, it afiiimes the 
ftony charader, or is fcarcely diftinguifhabk 

* llluftratioz)8, &c. 



from the real - bafalt, and that it is only whefi 
haftily cooled that it acquires any of the pro^ 
perties of glafs. 

By fome of the defenders of the Hattonian 
theory the conclufions from thefe experiments 
have been carried much farther than they war- 
rant, or than their author has ftated. Becaufe from 
the fiifion of trap or bafalt a fubftance fimilar to 
thefe fofiils was by particular management pro- 
duced, it has been concluded that this affords 
a proof of fuiion being the means of their firft 
formation. This conclufion is an evident mif- 
take : the fuiion of the bafalt, as it contained 
no volatile fubftance of importance, could not 
alter its compoiition, and of courfe when it again 
became folid, it would ftill be endowed with its 
former properties. . Even if the fimple earths 
of which bafalt confifts had been mixed to- 
gether in the proportions which its analyfis a& 
fords — ^if by fufion thefe had been brought into 
union, and formed a fubftance fimilar to natu- 
ral bafalt, ftill this would not have proved the 
igneous formation of this foflil ; for as all com- 
pounds derive their properties from their com- 
poiition, if their conftituent parts are capable 
of being brought into union by the humid way, 
and alfo by fufion, it may be expedted that a 
fimilar compound will in both cafes be formed ; 
and the adual prbdudion of fuch a compound 
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by one of thefe modes, would not prove that it 
was incapable of being formed in the other. 
Had therefore this experiment been made, no 
conclufion of this kind could have follow- 
ed, ftill lefs can it be inferred from mere- 
ly fuiing natural bafalt, and finding that by 
flow cooling a fubftance fimilar to it is form- 
ed. In ilri£l: reafoning, this experiment adds 
nothing pofitive to the evidence of the Hutto* 
nian fyftem ; it only removes an objedion which 
could have been urged with juftice againil it»— - 
and in this point of view it may be prized by 
the defender of that dodtrine. 

It is remarked^ that " the experiments of ano- 
" ther ingenious chemift, Dr. Kennedy, have 
** ihown, that whinilone contains mineral alkali^ 
♦* by which of courfe its fufion muft have been 
" affifted*." It may be added, that the prefence 
of this alkali wou|d not lefs contribute to the 
folubility of the matter of whin in water. 
, Befides the proofs of the aqueous origin of 
whin, which have been noticed in the courfe of 
this argument, it may be added, that there are 
fadls which indifputably eftablilh it. Thefe are, 
the exiftence of foreign bodies in it, which 
could not poffibly have been prefent had it 
be n thrown up in a ftate of fufion from the 

* Illuftracions, &c. p. 80. 
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bowels of the earth. Mr. Jamiefon has given a 
very full enumeration of thefe, on authorities 
which it would beprefumption to difpute. Thus, 
Werner found in wacken, great trees with bran* 
cbes, leaves, and fruit, and obferves, that it is 
fiimetimes found to contain deers horns. Sauf^ 
fure obferved in it bones oi quadrupeds ; and 
other mineralogifts have found ihells, vegetable 
impreffions, and fragments of wood* It has 
been flated with refpeA to fome of thefe, that 
they are found, not in the bafalt, but in ftrata 
which alternate with it ; and in fome cafes this 
appears to have been the cafe. But in the ob- 
fervations of Werner and Saufiure we are not 
at liberty to fuppofe that they committed fo 
obvious a mtftake ; and therefore thefe obfer- 
vations are decifive proofs c^ the aqueous origin 
of thefe rocks. 

The properties therefore of the fubftancei^ 
compofing the unftratified rocks equally with 
their portions exclude the operation of fire, 
and prove them to be of aqueous origin. 



We have thus completed the examination of the 
HUTTdNiAN and neptuntian theories; and it can- 
not be difficult to form an opinion on their merits. 
To the Huttonian fyilem belongs the praife of 
novelty, boldnefs of conception, and extent of 
views. Its author has iafpired not merely to ac- 
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count for the prefent appearances of the earth, 
but to trace a. fyftem in which the formation of 
ittccejifive worlds is developed ; he has fought 
to extend that order and arrangement, that 
principle of balance and reftoration obferved in 
fill the departments of nature, to the conftitu* 
tion of the globe itfelf ; and he has fucceeded in 
drawing an outline which gratifies the imagina* 
tion with the ftmblance of grandeur and defign« 
But thefe are the only merits of the theory, 
and they have certainly been much over*rated 
by the partiality of its defenders. When full 
fcppe is .given to the imagination, when the 
reftraint of Arid indudion is not impofed, expe- 
rience, and efpecially experience in geology, has 
ihown, that it is no difficult talk to conllrud a 
fyftem, and to give it in appearance that unity 
of principle,«and adaptation of parts which are 
the attributes of a perfeft theory. This may 
be what the author of the Huttonian fyftem has 
attained ; but a more juft and cautious reafoner 
would have ftartled at the poJluMa the fyftem 
requires, and would not have thought their ex- 
travagance and improbability^ their inconfiften- 
cy with phenomena, and their oppofition to e- 
flabliihed truths, compenfated by the greatnefs 

or novelty of its views. 

It can fcarcely be neceflary to juftify thefe 

pbfervations by any recapitulation of the eyi- 
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dence of this theory. In appealing to the proof 
from indudion, we have found the phenomena 
of geology entirely at variance with its princi- 
ples. It has not been neceflary to fearch for 
minute deficiences, or feled: a few conclufive 
arguments from a number that are doubtful or 
obfcure ; the whole feries is clear and convinc- 
ing ; the poiitions and relations of the great maf- 
fes of the globe, and the properties and appear- 
ances of individual foflils, being altogether in- 
compatible with the fuppofition of their having 
been formed by a central fire. It^ firft princi- 
ples we have found not merely in the higheft 
degree improbable, but abfurd and phyfically 
impoffible. It aflumes the exiftence of an in-: 
tenfe heat in the interior parts of the earth, 
without affigning any caufe by which it could 
have been produced ; it fuppofes an exertion of 
that heat, not merely at the formation, or dur* 
ing the period of the exiftence of a world, but 
for a time abfolutely unlimited ; and it advan- 
ces thefe fuppofitions in exprefs contradidion to 
the known and eftablifhed laws of the power it 
employs. Such charaders bring the Huttonian 
hypothefis under the fame clafs with thofe geo- 
logical fyftems which have preceded it,— ^pfyftems 
which have been the meteors of their day, and 
have funk into obfcurity ; and which, to ufe the 
language of Dolomieu, will never be mentioned 
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in the hiftory of the fcience, but as pointing oUt 
the by-paths in which thofe may wander who 
devote themfelves to the contemplation of na* 

ture. 

With this fyftem,the Neptunian theory forms 
a complete contraft. It prefumes not to carry 
its refearches paft the commencement of the pre- 
fent world, or to extend them beyond its termi- 
nation ; it is fatisfied with endeavouring to 
trace the. caufes of the appearances which at 
prefent exift ; and the charadters of its explana- 
tions are thefe of fair and legitimate dedudion. 
AH the phenomena of geology confpire to prove 
that water has been the great agent by which 
minerals have been formed, and the furface of 
the earth arranged. While the fcience remains 
ip an imperfedl (late, deficiencies muftbe found 
in the application of this principle which in- 
duction eilabliflies. Such there may be in the 
Neptunian theory ; and that there Ihould, i^ 
even a prefumption of its truth. But we difco- 
ver no inconfiftencies with that principle, nor 
contradiftions to known truths. We ftnd in it, 
in reality, what we fliould at prefent expedl in a 
juft theory of the earth : not the magnifi* 
cent pretenfions of an artificial fyftem, — not the 
fplendid illufions created by a bold imagination, 
but a feries of indudions more or lefs perfedt, 
referred to a common principle, and occafional' 
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I7 conniedled by a moderate and rational hypo, 
thefis. In a word, it may be confidered as the 
commencement of a fyftem which pofiefies the 
ftability of truth and which time will extend 
and improve. 

In this Comparative View the author has en- 
deavoured to condudt the difcuifion with fair- 
nefs and candour : he is not confcious of having 
fopprefled a fingle argument of importance, or 
of having ftated any fo as to difguife its 
ftrength : And he trufts, that, in fupporting the 
fyftem he defends, he has not been wanting in 
that refpedl fo juftly due to the diftinguifhed 
author of the " llluftrations of the Huttonian 
f» Theory/' 
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